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i . O  1n:roduction 

This report outlines the efforts from September 1, 1964 to February 28, 

1965 supported i n  full or in part by the National Aeronautics and Space Adminis- 

t iation Grant NsG-381. 

Alobarna and its Research Institute to develop additional interdisciplinary research 

programs in the aerospace sciences and engineering. The work o f  the Research 

Institute i s  linked closely with the establishment of  the resident master's degree 

program of the University of  Alabama in Huntsville and the development of the 

desired academic atmosphere i n  Huntsville. 

of their time to the research program, has increased steodily from a staff of 16 to 

29, 44, 53, and 61 a t  the end o f  each six-month period since March 1, 1963 when 

the grant became effective. 

to remove the number of  individuals who, unti l December 1 , 1964, were funded 

partly by Univac and partly by the University of A labama Research Institute, and 

who are no longer on the University payroll. 

Funds from the grant are used by the University o f  

Penonnel, devoting at  least a portion 

These figures have been adjusted from previous reports 

The Research Institute building, which has been beneficially occupied since 

Considerable June 16, 1964, was approved for final payment on January 21 , 1965. 

effort has been expended during this semi-annuol period in establishing the laboratories 

and placing equipment i n  an operating condition. 

2.0 Status of Development of the University - of Alabama Research Institute 

2.1 Staff - The staff, selected for its abil ity to conduct an interdis- 

ciplinary research program in the aerospace physical sciences and engineering, have 

continued to grow during the six-month period from September 1, 1964 to February 

28, 1965. The selection o f  staff for the research program i s  closely related to the 

development of graduate study opportunities i n  Huntsville and the establishment 

o f  the resident graduate program of the University of  Alabama i n  Huntsville. On 

- 
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September i , 1964, at  the end of  eighteen months of  operation since the availabil ity 

o f  the National Aeronautics and Space Administration NsG-381 Grant, the academic 

and senior research staff of  the University of Alabama i n  Huntsville i n  the physical 

sciences and engineering totaled thirteen people. 

and senior research staff i n  the physical sciences and engineering totaled twenty people. 

W i t h  the exception o f  five staff members, the total staff of  the University of Alabama 

i n  Huntsville i n  the physical sciences and engineering has been engaged in research 

activities a t  the Research Institute. Two of the new staff members were completing 

publications started before coming to Huntsville, and one of  the remaining staff 

memben was engaged i n  writing a textbook during this period. 

of  participation emphasizes the effort that i s  being made to have the research and 

instructiona I programs complement each other, with each program benefiting by the 

dual participation, so that a graduate program of excellence can be established and 

maintained in  Huntsville. 

On March 1 , 1965, the academic 

T h i s  high percentage 

During the period September 1 , 1964 to February 28, 1965, nine of  the senior 

personnel devoted a l l  or a portion of the ir  time to the National Aeronautics and Space 

Administration NsG-381 Grant supported research. Seven additional academic staff 

members were supported by research grants or contracts from George C. Manhall  Space 

Flight Center, Goddard Space Flight Center, or the U. S. A n y  Missile Command. 

Personnel previously engaged in research a t  the Research Institute and supported either 

i n  part or entirely by NsG-381 who have left the Research Institute during the six- 

month period were Dr. F. J. Tischer, Professor of Electrical Engineering, and Dr. 

A. A. Hayday, Associate Professor o f  Mechanical Engineering. 

During the same six-month period three new members of  the academic staff 

of  the Research institute worked on NsG -381 Grant. 

w i l l  develop new research programs. 

of Chemistry and Assistant Director o f  the Research Institute, Dr. R. L. Causey, 

Associate Professor o f  Mathematics, and Dr. Wilhelm Kubitza, Professor o f  Engineering 

Mechanics. 

I t  i s  expected they 

These people were Dr. W. F. Arendale, Professor 

In addition, Or. G. A. Wempner, Professor of  Engineering Mechanics, 

- 2 -  



1 

' 8  
R 
1 

I 

Dr. J. T. Oden, Assistant Professor of Engineering Mechanics, and Dr. D. R. Jeng 

Assistant Professor of Mechanical Engineering, hove been employed with ful I-time 

teaching loads. 

they con be relieved from their teaching bod. In addition to this academic staff, 

four research associates and five permanent professional employees devoted full-time 

to research. New research associates are Mr. C. F. Chen and Dr. J. C. Chang. 

New permanent professional employees are Mr. Manfred J. Loh, Aeronautical 

Research Engineer, and Mr. Henry Crenshaw, Physicist. 

I t  i s  expected that they w i l l  contribute to the research program when 

Also, ten research assistants (full-time gmduate students) and three under- 

graduate assistants divide their time between research and classes. The academic 

and research staffs are supported by a full-time administrative, maintenance, and 

clerical staff of  twenty. A total o f  sixty-one people devoted ful l  time or part time 

to the activities of  the Research Institute during February, 1965. This represents an 

increase of eight peoplefir 15%,over August 30, 1964. Statistics concerning the 

number of  Research Institute penonnel are shown on Tabie I .  in the previous semi- 

annual report,ten people were listed as jointly funded by Univac Division of Sperry 

Rand Corporation and the University. These people were involved i n  the operation 

of Univac Computation Laboratory located i n  the Research Institute building. 

December 1 , 1964 Univac assumed full responsibility for its personneI,and they 

now report to the manager of the Univac computation laboratory. 

of  Alabama Research Institute has staff members who are responsible for computer 

operation during the four hours each day allotted to the University. When University 

personnel are not available for programming or key-punching, time i s  purchased 

from Univac on a per hour arrangement. 

bas is  unti l  economics dictates that a full-time person can be supported b y  the 

Research Institute. 

tation Labomtory i s  the responsibility of Dr. Robert L. Causey, Associate Professor 

o f  Mathematics and Head of the Computer Science Laboratory. 

O n  

The University 

in general, the time i s  purchased on this 

Currently, the Research Institute's relationship wi th the Compo- 
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2.2 

working on iesearch 

a l l  professional disciplines in one building strongly contributes to the development of 

interdisciplinary interest and brings to bear a forceful team effort upon problems of 

interest. The Research Institute building, provided by a $3,000,000 bond issue by 

the State of Alabama, was beneficially occupied on June 16, 1964. Final payment 

for the building was approved by the State Building Commission on January 21, 1965. 

Facilities - Personnel at the University of Alabama in  Huntsville 

are located in the Research Institute building. The housing of 

During the sixmonth period from September 1 , 1964 to February 28, 1965, 

significant efforts of the staff have been directed toward establ ishing the laboratories 

and particularly i n  placing equipment i n  working order. Movable equipment, obtained 

from al l  sources of funding and valued at $298,119.53, was received during the twelve 

rnonth period ending February 28, 1965. On March 1 , 1965,the surface physics labora- 

tory, two laboratories related to the study of microwave phenomena (one for transmission 

and the other for problems related to covnmur.Ication ),and cn optics laboratory were in 

operation. Upon his arrival on February 1, 1965, Dr. Wilhelm Kubitza initiated work 

to prepare the structurad mechanics laboratory for studies in experimental stress analysis. 

In addition, floor space has been set aside for grouping the analytical instrumentation, 

such as spectrophotometers and a chromatograph, so that the equipment may be used as 

required. Some of this equipment wil l be moved to other laboratories from time to time 

when extended use i s  contemplated. 

The establ ishment of the experimental program should contribute significantly 

to the total value of the research progrom,since the program has been previously l imited 

primarily to theoretical investigations,pending availabil ity of these new laboratory 

facilities. The enthusiastic reception of the new facii i t ies indicates that even greater 

results than have been obtained in  the past wi l l  be obtained in the future on research 

programs related to the missions of the National Aeronautics and Space Administrution. 

2 . 3  Academic Program - In the fal l  quarter, 1963 the resident master's 

degree program was established in  Huntsville in mathematics, physics, and engineering 

with a rnoior in mechanical engineering, eiectricai engineering, and engineering 

mechanics with three options, sol id mechanics, f luid mechanics and dynamics, and 

vibrations. Beginning with the fall quarter, 1964, industrial engineering was added 
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to the resident master's degree program. Graduate courses are also ~yaiI.cb1e~ jn ,8,  

oerospace engineering, chemical engineering, an$ metal !u;gicul eqgine.erin9,;. T,hgi 

opportunity to, uti1 ize the staff menbers of the Research, !ns!itute_~fpy,in_s:~u~~,l~r) 994: 

directlon of students in significant research for their theses in the physical sciences 

and ensineering i s  an essential factor in the development of the resident dmastqr's, + 

degree program. The growth of the Research lnstitqte is essential, to ths contjtped 

development of the master's program a n d d  timatel y,to the r Pb. Q I?CO.'3'P9? i . 
in Huntsville. To obtain the Ph. D., the requirement remains that a student must 

spend in residence at the Main Campus two semesters of the time required to earn 

the degree. 

The number of courses offered for graduate credit and the number of students 

working on theses increased during the year. During :he past qcademic _. year, 115. _ _  
6:aduate courses were taught. This represents an increase of 44 classes or 62%-ove 

the previous year. The classes were attended by 1,701 I students. . -  an 

or 65% over the previous year. The enrollment in  graduate work fo<.the . .  fall quarter 

1964 was 774, an increase of 177 or 29% over the fa1 I quarter a year ,earl ier. Dur-ing 

the winter quarter 1965 the graduate enrollment was 659. 
. *  

The people of Huntsville and surrounding communities have exceeded their . 

goal in a campaign to raise $750,000 TO be used in connection with  other funds to 

construct a new graduate classroom bbilding. Cash pledges now constitute approximately 

$900,000. This i s  to be merged with money available to the University from non- 

Federal sources and with available Federal funds to construct a new clqSsymj,bu,i!di,ngv 

adjacent to the Research Institute that w i l l  be used for the graduaJe ,i,natr&&?aJ, ,, 
program. The laboratories I .  .. * for faculty and graduate . . , .  stu+nt.researrh nebMFgriJ y,, ,.c:,..c 

associated with . .  this new classroom I ,  building w i l l  be provided in  the qS1'wept Re+e.w& 

Institute. An application f i led for a grant under the gr:cduate. qcadRmjcfgs,i-l itjes;. 

program for $420,900 for the new bu iiding has been appyov,e+ :, .It i s  contemplated. that 

the graduate faci;!ty Is aerospace related physical sciences and3en,gine%.ip 
- I  . 

than double during the next few years. , & . : L  , ' ~ , *  I .- * ., 

2 .4,.. I Seminars and Lectures by Visifirig Spgckers @J,G rq ,  $hi+ :s-iq-maat h 

reporting period,the Res.earch jnsti.tute, has coqtioued to briRg,,tp $+sP4r)~~,~Wicw&ng 



outside lecturers who contribute sisnificantly to the enrichment of the research activities 

b y  providing additional stimulus to interdisciplinary activities. The eight lectures or 

seminars have been attended by an average of 60 people. A number of personnel from 

the George C. Marshall Space Flight Center, the U. 5 .  Army Missile Command,and 

personnel of aerospace and missile related industrial contractors in the area attended 

these meetings. Listed in Appendix I are the speakers, their affiliation, t i t le of the 

ta lkand a short abstract of the presentation. 

2.5 Research Funding - The Research lnstitute was organized on October 

1 , 1960. A National Aeronautics and Space Administration grant, NsG-381, starting 

March 1, 1963 was the stimulus for accelerated growth toward a staff capable of im- 

portant research accomplishments. The $600,000 grant,with $300,000 allocated for 

the first year, 5200,000 the second yeartand 5100,000 the thJ jd  year, gave the assurance 

of continuity to the selected projects; provided the academic freedom for the investigation 

of basic probierns; gave f iexibi i i ty and choice of areas of research of interest to the 

National Aeronautics and Space Administration that were developed first; and re1 ieved 

new staff members of the ob1 igation to place primary emphasis on proposal writing and 

obtaining contracts before establ ishing the research program. The approval of the 

application for the second increment of funding of $300,000 (9100,000 per year for 

three years) at the beginning of the second grant year, March,1964, allowed the Research 

lnstitute to expand its program on the same basis for a second year. The increase in re- 

search results i s  believed to be at least as great as the increase in  expenditures for such 

research. The expenditures are shown graphically on Figure 1. 

expenditures charged to NsG-381 have been roughly equal to those charged to other 

contracts and grants. During the period March 1 ,  1964 to February 28, 1965, i n  addition 

to the funds derived from NsG-381, funds were obtained from the George C. Marshal I 

During the past year, 

Space FI ight Center as follows: 

Contract No. Title 
Principal 
Investigator Arnoun t 

NkS8- 1646 Topol og i ca I Dynamics Dr. Hsin Chu 524,974 
47,162 

NAS8-11249 Slow Electron Scattering Dr. R.A. Mann 9,734 

NAS8-11202 Earth Tremors Mr.  V.M. McCarty 59,286 

NAS8-54111 
NAS8-11231 Adaptive Conrroi Theory Dr . C , D. Johnson 16,792 

NAS8-2585 Surface Ionization Dr. R.A. Mann 40,086 

Par a met e r O p  i i :-ri i zo t i on Dr. 2 .  Hermann 

- 6 -  



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
1 

and from Goddard Space Flight Center: 

Title - Con tra c t No. 

NsG -608 Wave Propagation 

Principa I Investigator Amount 

Dr. F. J. Tischer h 580,000 
Mr.  H. Y. Yee 

557,449 of the 580, GOO grant for the study of wave propagation through plasmas was 

cancelled due to termination of the grant on January 31 , 1965, upon the termination 

of Dr .  F. J. Tischer. (Continued work has been shifted to NsG-381 funds unti l  further 

contracts are obtained). This i s  a tota I bftercancellation) o f  5220,585. 

Contracts obtained from the U.S. Army Missile Command prior to March 1, 1965 

were : 

Contract No. 

DA-AMC-G 1 - 
021- 64-Gl 
DA-0 1-009- 
AMC 164(Z) 
DA-0 1-009 
AMC 165(Z) 

AMC 12093(Z) 

AMC 1187O(Z) 

DA-0 1-02 1 

DA-0 1 -02 1 

Principal 
T i t l e  Investigator Amount 

5 103,854 
Microwave Propoga tion 
Microwave Detection 

_I_ 

Dr. F. Mitchel l  Jr. 
Dr. R .  J. Polge 

Coherent Light Dr. R.A. Mann 54,354 

h t 0 m G t i c  Controi Theory Dr . C . D. Johnson 35,299 

Pointed Bodies Dr. R. Hermann 20,768 

1 n f or ma t ion Retrieval Dr. Robert Causey 2,495 

This represents a total of $216,770. It  i s  estimated that a minimum of $500,000 in 

contracts and grants, exclusive of funds for National Aeronautics and Space Administration 

Grant NsG-381,wiII be available for the 1965-66 academic year. At this timetthrough 

personnel devoting their efforts to the Research Institute's program, the Research Institute 

has a capability i n  hypersonic aerodynamic research, including non-equil ibrium flow 

around blunt and pointed bodies; electromagnetic phenomena, including communication 

theory and microwave transmission through wave guides and plasma; mathematics , 
including topological dynamics and numerical analysis; control theory; physics, including 

optics, nuclear, atomic, surface, and chemical physics. 

2.6 Publications and Lectures - The personnel of the Research Institute - 
have been active in making research results available to interested persons. Shown 

in Appendix 11 are the publications of personnel of the Research Institute that have 

appeared in technical journals in the past six months,that have been submitted for 
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publ ication and accepted,or are pending publication at this time. Each publ ication i s  

shown with author, title, date or status of publication,and the short abstract that was 

published with the publication or has been provided for the purpose of this summary. 

3.0 Research Activities 

3.1 Summary of Activities During the Period September 1, 1964 to 
February 28, 1965 

Funds derived by the University of Alabama Research Institute from 

the NsG-381 grant are used primarily to  permit new staff members to establish the 

desired interdisciplinary programs in aerospace sciences and engineering. 

current six-month reporting period,these funds were used almost exclusively for this 

purpose. Dr. Juerg Kallweit was supported 100% by the grant. 

sixmonth period was related to the esfabl ishment of instrumentation of the optics 

laboratory. Some of the equipment was used in  demonstrating the feasibility of an 

interferometric device for detection of the size of an object at a great distance. The 

most significant difference between this work and other work with interferometers i s  

that the instrumental conditions required for the formation of interference fringes i s  

considered rather than the fringe system. This method wi l l  not give the high precision 

usually associated with interferometers, but i t  does allow a simple and quick determin- 

ation of the comparative size of neighboring objects with good accuracy. A differential 

interferometer has been placed in operation, and init ial  preparations have been made 

to measure the shape and temperature distribution of boundary layers of rotating bodies 

of revolution. These experiments are to be used to verify the theoretical results 

recently obtained by Or. A. A. Hayday. 

During the 

His work during the 

Mr. Chin-Fan Chen joined the staff of the Research Institute on November 1, 

1964 and has been working with Dr. C. D. Johnson i n  the f ie ld  of control theory. Mr. 

Chen has written papers (see Appendix I I )  and proposals concerning future work. During 

the four months of this reporting period that he has been a member of the staff,he has 

studied general methods of conrrol system analysis with particular emphasis on the 

recent advances of Liapunov's stability theory. 

Dr. R. L. Causey, Associate Professor of Mathematics, joined the staff on 

October 15, 1964,and has devoted approximately three-fourths of his time to  research 
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ef:orts. 

between the University of Alabama Research Institute's computer activities and the 

Univac Computation Laboratory. 

response to Dr. Causey's proposals for work in his field of interest. 

on contracts with the U. S.  Army Missile Command, DA 01-02l-AMC-11870(2) 

entit led "Application of Mathematics to Information Retrieval," wi th an effective 

dcte of February 16, 1965, and DA 01-021-AMC-11901(2) entitled "Numerical 

Analysis of Methods for Computing Three Dimensional Supersonic Flow," wi th an 

effective date of March 5, 1965. 

Dr. Causey has been assigned responsibility for coordinating the relationship 

In addition, contracts have been received in  

He i s  now working 

Dr. N.F. Audeh and M r .  H. Y. Yee, who have previously been working w i i h  

Dr. F. J. Tischer on problems associated with eiectromagnetic wave propagation in 

groove guides,were supported approximately one-half time each on NsG-381 to develop 

research ideas in this subiect. 

Dr. F. J, Tischer on problems associorea with  e!ect:oman,netit w w e  propagation through 

plasmas, a subject which he i s  continuing to study. 

Mr. H. Y. Yee clso previously had been working with 

Dr. W. R. Garrett has spent one-fourth of his effort on problem supported by 

NsG-381. 

arid soft x-ray regions have been studied. 

Photo detachment and photo ionization cross sections i n  the infrared-visible 

Since joining the Research Institute on September 1, 1964, D:. Arendale has 

been engaged in organizing a progrom in  chemical physics related to aerospace and 

missile7elated programs. Progress has been made in planning instrumentation for the 

laboratories, and several proposals have been prepared. Proposals totaling $150,000 

currently under consideration by the U. S .  Army Missi le Commandtare related to the 

transmission, reflection, and absorption of monochromatic and coherent I ight. Dr. 

Arendale i s  interested in the properties, particularly the chemical activity, of excited 

molecules and ions. Additional consideration wit1 be given to this work during the next 

six-month period. 

A graduate student has been given partial support to work under the direction of 

Dr. C. P. Bhalla, Associate Professor of Physics, in order to init iaie a program related 

to nuclear physics. The specific problem i s  related to the determination of electron 

rad io I functions. 
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Dr. A. A. Hayday, whose resignation became effective January 31, 1965, 

was supported for 60% of his effort diirins which time four papers were completed. 

M i s s  Parricia Lucas, a graduate student, has also been given partial support 

while workins with Dr. Hsin Chu. This work has been summarized in  a paper that 

has been submitted for publication and i s  summarized in  Appendix I I .  

M r .  B.R.K. Choudary, a student working with Dr. A.A. Hayday, was 

supported during this reporting period while he completed a master's thesis, "Com- 

bined Free and Forced Convection on a Spinning Cone in  Laminar Boundary Layers," 

Nine other students were given support while working on various research 

tasks of interest to the NsG-381 program. 

3.2 Summaries of Current Interests of Staff Memben - The primary 

interests of staff members of the University of Alabama Research Institute were 

recently summarized in Attachment A of "Application of the University of Alabama 

i o  ;he NctIonal Aeronautics and Spcce Administration fcr CI Grant of $41 1,000 For 

Further Support of Research in  the Aerospace Physical Sciences and Engineering 

February 25, 1965. These summaries are repeated as Appendix I l l  of this report. 

3.3 Programs Planned for the Next Six Months - The NsG-381 support 

w i l l  continue to be used to strengthen the University of Alabama program in the aero- 

space sciences and engineering. 

3.3.1 Laboratory Development - The development of the 

experimental laboratories that was started during t he  last six months wi l l  be accele- 

rated during the next six months. Although some experiments corresponding to the 

research interestsof Dr. Juerg Kallweit, Dr. W. F. Arendale, Dr. W. K. Kubitza 

and Dr. J. C. Dowdle, as described in Appendix 111, Sections G, H, N, and 0, 

wi l l  be performed, a major portion of the effort of these people 

charged to NsG-381 wi l l  be directed to laboratory development. 

which i s  

3 . 3 . 2  Structural Mechanics - Dr. G. A. Wempner, Professor 

of Engineering Mechanics, and Dr. J .  T. Oden, Assistant Professor of Engineering 

Mechanics, joined the faculty of the Gniversiiy of Aiabama i n  Huntsville lust 

September. 

init iated prior to joining the University of Alabama staff. 

Both have devoted full time to the instructional program and to writing 

During the next six months 
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period they wi l l  devote part time and possibly full time during The summer to their 

interest in structural mechanics as described in Appendix I l l ,  Section N. 

3 .3 .3  Control Sciences - In addition to M r .  Chih-Fan Chen, 

Research Associate, Dr. David A. Ford, Mathematician, who w i l l  be employed for 

the summer, w i l l  work in the area of control theory defined in Appendix Ill, Sec- 

tion L. 
3.3.4 Hypersonic High-Temperature Fluid Dynamics - Dr. J. J.  

Brainerd, Associate Professor of Aerospace Engineering, and Mr.  Richard D. Wood, 

Research Associate, wi l l  join the organization on July 1, 1965. Dr. Brainerd, 

Mr. Wood, Mr. K. 0. Thompson, and possibly others named in Appendix 111, Section 

A, wi l l  be continuing the work concerning hypersonic high-temperature gas flow that 

has been a part of the Research Institute program from the beginning. The immediate 

plans are more completely described in Appendix I l l ,  Section A. Mr. Wood wi l l  also 

direct a portion of his time to efforts Concerning the feasibility of a high-temperature 

gas dynamics laboratory and a space environment laboratory, considered as a possibii i t y  

for component two of the Research Institute facilities. 

3.3.5 Physics Programs - Dr. Chander Bhalla, Associate Prof- 

fessor of Physics, wi l l  allot a portion of his effort and that of a graduate student to the 

nuclear physics studies described in Appendix iil, Section K. 
Assistant Professor of Physics, for a portion of his effort wi l l  continue to pursue studies 

of atomic physics as described in Appendix 111,  Section 1. Dr. W. F. Arendale, Prof- 

fessor of Chemistry and Assistant Director of the Research Institute, wi l l  devote a portion 

of his time to experiments i n  Chemical Physics described in  Appendix I l l ,  Section H. 

Dr. W.R. Garrett, 

3.3.6 Microwave Transmission - Dr. N.F. Audeh, Associate 

Professor of Electrical Engineering, and Mr. H. Y. Yee, Research Associate, w i l l  

devote approximately one-half time to studies concerning wave propagation in non- 

uniform plasma and to groove guide studies. 

described in Appendix 111, Sections C and D. 

Greater details of their interest have been 

4.0 Financiai Report - 
4.1 Expenditures September 1, 1964,to February 28, 1965 - The financial 

report of funds spent from this grant i s  attached as Tables l i  and ill. It should be noted 
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that  Table 1 1  includes expenditures on the Tuscaloosa Campus. Expenditures a t  the 

Research institute during the  six-month period were $1 47,228.71 . 
expenses during the period amounted to $72,436.71 of which $44,184.71 was pro- 

vided by overhead o n  NASA Grant NsG-381. 

Administrative 

Cumulative expenditures are as follows: 

Expenditures March 1 , 1963- 
February 28, 1964 

Expenditures March 1 , 1964- 
February 28, 1965 

Encumbrances and overhead as of 
February 28, 1965 

9152,818.18 

331,761.55 

73.694.86 

$558,274.59 

'..2 Projected Effort March 1 , 1965 to , .ugust 30, 1965 - The projects 

that  t h e  Research Institute expects to fund f rom NsG-381 during the  fifth semi-annual 

period have been described in  Section 3.3 Procroms Planned for the  Next  Six-Month 

Period. It is expected that  the funds w i l l  be distributed as follows: 

3.3.1 Laboratory Development 
3.3.2 Structural Mechanics 
3.3.3 Control Sciences 
3.3.4 Hypersonic High-Temperature 

3.3.5 Physics Programs 
3.3.6 Mircowave Transmission 

Fluid Dynamics 

Overhead 20% 

- 12 - 

$ 30,000 
20,000 
15,000 

15,000 
30,000 
15,000 

25,000 

$1 50,000 





TABLE 1 

RESEARCH INSTITUTE PERSONNEL STATISTICS 

A- Number of Permanent Staff, Including Part Time 

Academic 

Permanent Research 

Plant Maintenance 
and Operntions 

Administration 

Technica! Service 

Research Assistants 
(G ra dua te ) 

8/31/62 2/29/63 8/31/63 2/29/64 8/31/64 2/28/65 

2 6 9 15 16 15 

0 0 4* 5* 6* * 9 

0 0 0 0 5 7 

4 6 8 13 12 13 

2 2 2 2 4 4 

1 2 4 7 8 10 

3 

To to Is 9 16 29 44 53 61 
- 2 - 2 - 2 - 0 Undergraduate Assistants - 0 - 

* Excludes 1 person jointly funded with the Univac Division of  Sperry Rand Corporation. 

** Excludes 10 persons jointly funded with Univac. 

B - Number of Summer Students 

Research Assistants (Graduate) 1 3 

Unde rg ra duo te Ass i s  tan ts 

Toto Is 

10 6 

7 13 
- - 



APPENDIX I 

University of Alabama Research Institute Seminars and Lectures 

Mr. Edmund Stol lenwerk, Senior Research 8, Development Scientist, Lockheed- 
California Company, Burbank, California. 
with 26 persons i n  attendance. 

Lecture given November 9, 1964 

Advanced Gas Dynamics and Altitude Environment Facilities 
The lecture included a discussion of the types of  advanced gas dpamics 
and altitude environment facilities which should be bui l t  and the reasons 
for their need, design, construction, cost, operation and the obsoles- 
cence anticipated. A description was given of Lockheed's new gas 
d ynam i cs and environment fa c i  I i ties . 

Dr. Roger Broucke, Jet Propulsion Laboratory, California Institute of  Technobgy, 
Posadena, California. 
attendance. 

lecture given November 16, 1964 with 35 persons in 

Classification of Periodic Orbits in the Restricted 
Three Body Problem with Earth and Moon Masses 

The general goal of  this study was to investigate fl ight mechanics in a 
simplified earth-moon system represented by the restri cted three body 
problem. But one of  the first particular goals was the classification of 
a kind of orbits which playsc very special role: symmetric periodic 
orbits. About a thousand periodic orbits have been found and classified 
in about f i f ty  families with the aid of automatic digital computer pro- 
grams. Many fami lies have unexpected characteristics, and several 
orbifs have astronautical interests. 
conclusions about the different orbits. 

The lecture developed a few general 

Dr. Arnold H. Kritz, Staff Scientist, Space Science Laboratory, General Dynamics, 
San Diego, California. 
attendance. 

Lecture given November 23, 1964 with 32 persons in 

The lntetaction of Electromagnetic Waves 
With Inhomogeneous Plasmas 

Attempts to obtain diagnostic information concerning charge distribu- 
tion i n  ionized media are often made by employing microwave techniques. 
These techniques were discussed. 
the diagnostic data must be sufficiently accurate so that the information 
inferred i s  reliable. improvements i n  the theory applied to microwave 
scatter by ionized wakes of hypervelocity projectiles were discussed. 
The effects of  finite wake radius relative to Fresnel zone thickness, micro- 
wave horn patterns, dipole mdiation pattern of  electrons and projectile 
displacement from baIIistic range axis were a l l  considered. 

The theory employed i n  interpreting 



Mr. a. H. Shirley, Research Engineer, Senior, 
Company, Huntsville, Alabama. 

Lockheed Miss i le  & Space 
Lecture given on December 8, 1964, with 28 

persons i n  attendance. 

Use of Liquid Hydrogen Cryopumping for Flow Rarefaction 
And Boundary Layer Control i n  a Low Density Nozzle 

A method for controlling the growth of boundary layers i n  a low density 
hypersonic nozzle by actual mass transfer of the boundary layer fluid 
to the walls of the nozzle through the use of l iquid hydrogen cryopumping 
was presented. 
of  merged boundary layer flows a t  To=30F K, to core flows with a 50% 
increase i n  Mach number. The economics and techniques involved in the 
use of  liquid hydrogen were discussed. The feasibility and efficiency of 
th 8s method at  high stagnation tempemtures, to 40000 K, were presented. 

Experimental data were shown to verify the conversion 

Mr. Kurt R. Stehling, Assistant to the President for Astronautics, Washington, 
D. C. Operations of Eiectro-Optical Systems, Inc. 
18, 1964, with 126 in attendance. 

Lecture given on December 

A Summary of  Laser Technoiogy 
As a Particular Application of Quantum Electronics 

Stres; .was given to some of the latest pumping techniques and 
developments i n  injection lasers. 
medicine, space tracking and communicationstand possible military 
uses were reviewed . 

Applications i n  the area of  

. 
Dr. Hennann Statz, an Assistant Manager of the Research Division of  Fbytheon 
Company, Waltham, Massachusetts. 
136 in attendance. 

Lecture given January 12, 1965, with 

Recent Developments i n  Lasers 

The present state of the laser field was discussed. Conventional 
solid-state semiconductor, and gas lasers were considered. In 
the solid-state laser, emphasis was placed on the mechanisms 
responsible for multimode operation and spiking; and techniques 
were discussed ' which make spikeless single-mode operation 
possible. 
beam excited devices wcre presented. 
which enhance the spectral purity o f  these devices. 
laser fieldfipecial emphasis was placed on the 
ionized mre gas lasers. Mechanisms of operation were given, and 
i n  particular, a gas laser design was described which has already 
yielded continuous wave power outputs i n  excess o f  6 watts in the 
visible region. Some discussion was given of  iow noise gaseous 
amp I i fiers . 

In the semiconductor field, injection lasers and electron 
Methods were discussed 

In the gas 
new high-power 
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Or. Sven R. Hartmann, Assistant Professor of Physics, Columbia University, 
New York. Lecture given January 21 , 1965, with 35 i n  attendance. 

Photon Echoes 

A description of spin echoes was presented using a simple vector 
model. The optical frequency analogue to the spin echo experi- 
ment was discussed, and equations of motion were obtained which 
are similar to those used to describe spin echoes. Numerical es- 
timates were made for important parameters involved in the photon 
echo experiment, and several experiments were discussed which 
demonstrate the existence o f  the photon echo. 

Or. S. P. S. Porto, Quantum Electronics Research Department, Bell Telephone 
Laboratories, Murruy Hil l ,  New Jersey. 
with 63 in attendance. 

Lecture given on February 12, 1965, 

The Use of the Laser as a Raman Source 

The unique properties of  the laser, i .e. , its directionality, high 
monochromaticity, iinear polar;zatlon of :he iighi beam and i t s  
coherence make i t  an unusual light source. The use of  both the 
rubyand red He-Ne lasers as Raman sources was discussed. Due 
to the difference o f  properties between the laser and the mercury 
discharge lamps, the problems of sample geometry for the observa- 
tion of  Raman effect require considerable thought and were con- 
sidered i n  detail. The continuous photo-electric recording of  the 
Raman effect was described. Some new properties of the Raman 
effect itself were discussed, and a "status of the art" report was 
made in the case of  solid, liquids, and gases. 
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APPENDIX 11 

Publications of University o f  Alabama Research Institute Staff Members 

(Publications are listed irrespective o f  source of support) 

A. Papen published during September 1 , 1964 to February 28, 1965: 

C. P. Bhalla, "Ratio of C and C in Nuclear Beta Decay," Bulletin, 
American Physical Society, Vol. b, pa$ 544 (1965). 

Abstract: Calculations have been completed on the ft-values 
of  O+ + O+ transitions, using the accurate experimental data 
of Freeman et. al. Exact calculations of Fermi functions are 
made. Effects arising from finite nuclear-size-effects and finite 
nuclear de Broglie wavelength are considered. Furthermore, 
atomic screening effects are incorporated by using the Hartree- 
Fock self-consistent potential in the numerical solution of Dirac 
equation. Numerical results for the ratio of C and C are pre- 
sented. 

A V 

56 
C, P. Bhalla, "Second-Order Effects i n  the Positron Decay in Co 

(4'- 4 ) , I 8  Bulletin, American Physical Society, Volume 10, page 21, 
(1 965). 

Abstract: 
factor, reported by the Langer group as (1 + b/w), i s  analyzed 
by the inclusion of the contribution from the second-forbidden 
matrix elements and the finite-nuclear size effects. It i s  con- 
cluded that several satisfactory theoretical fits to the experimen- 
tal data can be obtained within the fmmework of the V - A 
theory. This i s  similar to the results obtained for the electron 

The energy dependence o f  the positron shape- 

(1+ + 0') and the positron decay in Z 8 9  
Resu Its w i I I be presented. 

Hsin Chu and Shoshichi Kobapshi , "The Automorphism Group of  a 
Geometric Structure , I' Transactions of the American Mathematica I Society, 
Volume 113, Number 1, pp. 141-150, October, 1964. 

Abstract: 
group of  transformations o f  MAeaving the structure invariant, is often 
a Lie transformation group. In this report, a historical account of 
such cases and systematic proofs of  those results are given. In Part 1 
we summarize known results in the chronological order and in part 
2 we show how to derive them from a theorem o f  Palais. We also 
give a self-contained proof of the result of Palais as i t  i s  not easy 
to pick up the proof from this long paper. 

Given a geometric structure on a manifold M, the 
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W. R. Garrett and R. A.  Mcnn, "Perturbation Calculation of the 
1nterac:ion Potential for Atomic Scattering of Low-Energy Electrons, 'I Bulletin, 
American Physical Society, Volume 10, page 128, (1965) 

Abstract: 
scattering from alkal i  atoms have shown the importance of  
the polarization tern in the total atomic-scattering potential. 
In previous work, i t  was found that the use of  a simple model, 
which represents the polarization potential i n  the scattering 
intetuction, could yield calculated cross sections that agree 
well  with available experimental data. In the present work, 
the polarization potential in the scattering interaction i s  cal- 
culated by considering the first-order perturbation of  a Hartree- 
Fock-Slater atomic system caused by  the incident charged particle 
i n  the adiabatic approximation. The method, which i s  analogous 
to the polarized orbital method o f  Temkin, yields a polarization 
potential that i s  similar i n  shape to the simple model used earlier; 
has an asymptotic value that agrees well with that yielded by the 
experimental polarizability a; and yields scattering cross sections 

Recent investigations of  low-energy electron 

C l  r l l u t  - agree we! i w l f i  ejcpeiimenta i data. 

Rudolf Hermann and Janardanarao Yalamanchil i, "Hypersonic Flow With Non- 
Equilibrium Dissociation Around Blunt Bodies i n  Flow Facilities and in Free Flight, 
presented at the annual meeting of the Wissenschaftl iche Gesellschaft fuer Luft-und 
Raumfahrt at Munich, Germany, October 8-12, 1963. Published in WGLR-1963- 
Yearbook, pages 242-250. 

Abstract: The first part i s  a theoretical determination of the steady, 
inviscid flow f ield i n  a hypersonic wind tunnel under non-equilibrium 
dissociation conditions. The second part of the investigation i s  con- 
cerned with the determination of the hypersonic non-equilibrium flow 
past a blunt body with the direct method. 

The nozzle flow calculations reveal that, for the considered range of 
supply conditions, the flow i s  chemically frozen immediately down- 
stream of the throat. When compared with equilibrium flow, this fact 
has a significant effect on temperature, density and Mach number 
distribution. 

Various authors have solved the biunt body problem for air as a perfect 
gas using the general integral method developed by Belotserkovskii. The 
shock shape i s  determined by calculation, in conirast to the inverse method 
in which a shock shape i s  assumed. Belotserkovskii's method i s  used in this 
investigation to determine the non-equil ibrium flow of dissociated air around 
a circular cylinder. 
this method has been applied to a non-perfect gas. 

It i s  for the first time, to the author's knowledge, that 

The numerical calculations are carried out for a particular value (0.70) of 
frozen free-stream dissociation in the hypersonic wind tunnel. 
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Jo no ida na rao Ya lama nch i I i a n d  Rudo I f He rma nn , 'I Non -Equ i I i b rium 
Hypersonic Flow of Air i n  Hypersonic Nozzles and Around Blunt Bodies,'.' 
presented a t  the Fifth International Symposium on Space Technology and Science, 
Tokyo, 1963, published in  proceedings of the Symposium. 

Abstract: 
tigated for supply temperatures of 4000 to 6000° K, supply pressures 
of  10 to 100 atm and for nozzle area ratios o f  1 to 10,000. 

The direct method i s  used for the first time to calculate the non- 
equilibrium hypersonic flow of a i r  around blunt bodies. 
given for the flow around a circular cylinder. 

Non-equilibrium hypersonic nozzle flow of  a i r  i s  inves- 

Results are 

C. D. Johnson and J. E. Gibson, "Optimal Control With Quadratic 
Performance Index and Fixed Terminal Time," IEEE Transactions on Automatic 
Control, Volume AC-9, Number 4, pages 355-360, October , 1964. 

Abstract: The conventionc I solution for the optimal control 
of a Iinear-stationary regulator with quadratic performance 
index Grid fixed terminal time leads to a linear CGr7:iOl law with 
time-varying gain coefficients. In addition to the usual dis- 
advantages of  time-variable controllers, some of the time- 
varying gain coefficients approach inf inity as the specified 
terminal time i s  approached. 

control for the above problem can be expressed i n  the form of 
a time-invariant non-linear control law. Certain parameters 
i n  the nonlinear control law are functions of  the in i t ia l  time 
and init ial  state of the system. 
linear control law can be obtained directly from the time-invari- 
ant nonlinear control law. 

more general class of optima! control problems involving linear 
and nonlinear systems. 
method. 

J. H. KaIIweit, 'ID C Conductivity of  Porous Foils o f  Plastics," Kunststoffe 

In the present paper, i t  is shown that the optimal 

The conventional time-varying 

The results of  the present paper are applicable to a 

Two examples are given to illustrate the 

- 55 (1965), page 25.  

Abstract: 
dielectric material i n  capacitors was checked by measuring the 

The properties of porous foils of polyvinylchloride as 

charging and discharging currents as function of  time, temperature 
and electric f ield strength, Strong pol rization effects were 
observed. 
order of the applied potential. The discharging current of func- 
tion o f  t ime can be described with the help of after-effect func- 
tion o f  K. W. Wagner. The distribution function o f  relaxation 
times were derived. 

The resulting polarizarion potentials can reach the 
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F. H. Mitchell, Jr. and F. J. Tischer, "Partial Wave Analysis of 
Electromagnetic Wave Propagation i n  inhomogeneous Media, I' presented by 
Dr. Mitchel l  to Southeastern Section of American Physical Society, November, 
1964, and published as University o f  Alabama Research Institute Report #18, 
November, 1964. 

Abstract: The basic wave propagation equations are derived for 
radiation from,and scattering of f  of,a plasma-clad conductor. A 
perturbation technique for handling inhomogeneous plasmas i s  
described in detail and applied to the wave equations. 

T. D. Shockley, "Radiation Fields of a Loop Antenna,'' Proceedings of 
the I E E E ,  Volume 52, Number 8 ,  August, 1964. 

Abstract: (not available) 

William Gray, under the supervision of Or. Hsin Chu, completed his 
Ph. 0. Thesis, "Tmnsfonnation Groups with Fixed End Point," at the University 
of  Alabama, University, Alabama. 
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- B. Papers accepted for publication during September 1 , 1964 to February 28, 1965: 

2 .  Douglas Archer and Rudolf Hermann, "Supersonic 8, Hypersonic Flow of 
an Ideal Gas Around an Elliptic Nose," AlAA Journal, Vol. 3, Technical Notes, 
M a y  1965. 

Abstract: A solution i s  given for the steady flow field of a perfect 
gas around a two-dimensional elliptic cy1 inder in an inviscid super- 
sonic free stream. The direct method of Dorodnitsyn and Belotserkovskii 
has been appl ied to the inviscid equations of the mixed subsonic-supersonic 
flow in the shock layer for the general case of a blunt body of any convex 
shape having continuous curvature. Results of first order theory are pre- 
sented for a wide range of el I iptic shapes and Mach numbers. An explicit 
form of the equations for infinite Mach number was obtained suitable for 
numerical calculations. A comparison of the first order theory and experi- 
ment in a hypersonic wind tunnel has been made at a Mach number of 6.8 
for the case of an el l ipt ic section i n  which the ratio of major to minor axis 
i s  5, showing very satisfactory Ggeement. 

N. F. Audeh and H. Y. Yee, "On  Dielectric Lenseq" to appear in 

Proceedings of IEEE. 

Abstract: 
waves i n  parallel plane guides, fringing i s  inevitably introduced 
due to the horn walls. A dielectric lens may be used to correct 
this difficulty. The shape of  the lens i s  determined by the fact 
that the electrical distance traveled through the a i r  plus that 
traveled through the lens i s  constant. 

When horns are used for launching electromagnetic 

C. P. Bhalla, "Positron Shape-Factor of (4+ 3 4+), I' to appear 

i n  Nuclear physics. + 
Abstract: 
reported to be represented by (1 + b/w) by Hamilton, Langer, and 
Smith, has been analyzed b y  the inclusion of the second-order effects. 
Within the framework of  the V - A theory, several excellent f i t s  to 
the experimental positron shape-factor are obtained; thus, the need 
for a large P interaction and/or for the Uhlenbeck-Konopinski gradient 
coupling is unnecessary. 

Experimental betaahape factor of Co56 (4++ 4 ), as 
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C. F. Chen, "A New Rule for Drawing the  b o t  Loci of Systems with 
Complex Roots," I E E E  Transactions on Au:omatic Control, to  appea r  July,  1965 

Abstract: 
system with complex roots is developed. The procedure is 
deduced from Evans formula and is presented in a graphical 
form. An iteration method for finding the va lue  of the break- 
a w a y  point is a l so  included. 

A new rule for constructing the root loci of a 

C. F .  Chen, "Obtaining System Performance Measures from Routh's 
AIgorithm,l) Proceedings of the  IEEE, to appea r  April, 1965 

Abstract: 
by  using the first Column of Routh's a r r ay  only. 
Swartz' formulations a r e  simplified. 
appl ied  to  evaluat ing the performance measures. 

A Ka Iman-Bertmm's Liapunov function is obtained 
Parks' a n d  

The technique c a n  be 

C. F. Chen a n d  B. L. Phi!ip, "Accurate Determination of Complex 
Root Tmnsfer Functions from Frequency Response D G ~ C ~ ' '  i o  be presented a t  the  
Jo in t  Automatic Control Conference, Troy, New York, June 22-25, 1965. 

Abstract: This paper presents a method for determining the 
transfer functions coefficients of a system from its frequency 
response. The method is based on Bush's transfer function 
decomposition technique, and Chen-Shen's response conver- 
s ion formula. It involves no prejudgement and ,  therefore, 
has no cumulative error. 

Hsin Chu, "Fixed Points i n  a Transformation Group," to appea r  in  the 
?acific Journal of Mathematics. 

Abstract: Professor A. D. Wallace proved the  following: "Let 
I=) be  a transfornation group, where Z = the  discrete addi -  
t ive group of all integers. I f  X i s  a Peano continuum with a fixed 
end point under Z, then Z has another  fixed point. ' I  An interesting 
question has been raised b y  Wallace: "Can o n e  reach the  same con- 
clusion abou t  e i ther  compact groups or abe l i an  groups?" In the  case  
of compact groups, Professor H.  C. Wang answered the question i n  
the affirmative. We a Is0 give a n  affirmative answer to the question 
in  the  case  of abe l ian  groups when the abe l ian  g r w p  is of the type  
e i ther  Rn * K or Z *  R" K where R i s  a vector  group of dimension 
n a n d  k is a compact abel icn group. Actual ly ,  w e  also cover  the  
case  of non-abelian groups. The same conclusion can  be reached if 
the group G is one  of the following two types: (1) It contains a 
subgroup Rn such that  G/Rn i s  compact or (2) It contains a subgroup 
Z Rn such that G(Z * Rn) i s  compact. 
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Hsin C h u ,  "A Note o n  Compact Transformation Groups With a Fixed 
End Point," to appear  in Proceedings of :he American Mathematical Society.  

Abstract: 
"Let T be a cycl ic  transformation group of a Peano continuum 
X leaving fixed a n  end point, then T has another  fixed point. 'I 

Professor H.  C. Wang arrived a t  the same result by  assuming 
that T is compact and  X is a n  arcwise connected Hausdorff space.  
In this note, under the same assumption a s  Wang's,we prove that  
T has countably many fixed points. In fact ,  w e  prove the  follow: 
ing: Let ( X ,  T,T) -- be a transformation group where 
X is a n  arcwise connected Hausdroff space.  Let A be  a closed T- 
invariant set  B ,  B A = d,  & a point.  I f  there is such a closed 
s m e x  has a t  least two distinct f ixedpoints ,  one of t h e m  
contained i n  A. 

Professor A. D. Wallace proved the following: 

THEOREM: 
-- - --- 

------ 
- - -_----- --- 

I f ,  furthermore, every orbit, under T, is closed, - -- -- ----- - 
then T has countably many fixed points. -- -- 

W. R. Gar re t t ,  "?olarization a n d  Exchange Effects in Slow Electron 
Scattering From lithium and  Sodium," :n appear  - In Phy-sIc~! Review. 

Abstract: Total e las t ic  scattering cross sections have been 
calculated for low energy electrons incident  on lithium and  
sodium. The effects of target distortion b y  the e lec t r ic  field 
of the incident par t ic le  and  electron exchange between inci-  
dent  and  bound electrons have been included through the 
"adiabat ic  exchange" approximation. 
effect  of the distortion induced in t h e  target atom is computed 
through a polarization potential which is obtained by the 
method of polarized orbitals. The  phase shifts a n d  the total 
e las t ic  scattering cross sections are obtained through the solu- 
tion of a set  of integrodifferential equations. The  calculated 
polarization potential  agrees asymptotical Iy with experimental 
determinations of the dipole polarizabili ty of Li and  Na,  and  
the  total  e las t ic  scattering cross sections ag ree  wel l  with recent  
measurements over  the entire experimental range. Results for 
both alkal is  exhibit  a small resonance a t  the  experimental peak 
around 1 volt  and  a second peak a t  lower energies outside the 
present experimental range. 

In this method, the 
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A .  A. Hayday, "On  Heat Transfer from Isothermal and  Non-Isothermal 
Spinning Bodies of Revolution," presenfed a t  the Winter Annual Meeting of the 
American Society of Mechanical Engineers, New York, Nov. 29-Dec. 4, 1964, 
and  to appear  in Journal of Heat Transfer. 

Abstract: The  class of similar flows engendered b y  bodies of 
revolution rotating uniformly about axes  of symmetry in a n  other- 
wise undisturbed fluid is studied. 
convection is determined theoretically for laminar flows under 
both isothermal and  nonisothermal surface conditions. 
that the known solutions for rotating disks and cones a r e  special  
cases which fall within the scope of this analysis. The flows a r e  
in general  character ized b y  continuously thinning boundary layers 
formed along the  body surface. Criteria which determine such 
boundary-layer behavior a r e  related to the similarity tmnsforma- 
tions and  also to the rates of change of cross sectional a r eas  of 
the bodies in question. T h e  thinning boundary layers imply higher 
local friction and  moment coefficients than those found for com- 
parable cones. The same is true for iocai hussei t  numben. Esti- 
mates of the region of validity of the results a r e  given,  a n d  the 
results a r e  tabulated for several Prandtl numbers. The role of free 
convection is discussed briefly. 

Local hea t  transfer by  forced 

It is shown 

A. A. Hayday, "Similar Flows About Axisymrnetric Bodies Rotating in  a 
Fluid At  Rest," to appear  in Applied Scientific Research, Section A, Vol. 14 
(Physics & Mathematics). 

Abstract: The class of similar flows engendered by  memben of a 
corresponding class of bodies o f  revolution rotating about  axes  of 
symmetry in a n  otherwise undisturbed fluid is discussed. Several 
examples of such flows are considered in detai l  under the assump- 
tions that the physical properties of the fluid a r e  constant and  tha t  
dissipation and  curvature effects a r e  negligible.  The wel l  known 
flows associated with rotating disks and  right c i rcular  cones a r e  
shown to  be two special  cases. 

C. D. Johnson and  W. nlt. Wonham, "On  a Problem of Letov in Optimal 
Contro1," ASME Transactions, Journal of Basic Engineering, March, 1965. 

Abstract: In a series of papers, A. M. Letov discussed a n  optimal 
regulator problem for a linear plant  with bounded control var iable  
and  quadmt ic  performance index. This probiem was a l so  discussed 
b y  Chang. Krasovskii and  Le:ov observed late: that the solution 
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proposed in these papers n a y  be correct only for special  choices of 
t h e  in i t ia l  value of t h e  s ta te  vector. 
aspects of the sollition in the genera l  ccse a r e  described and  three 
examples are given. The possible existence of a regime of unsatu- 
rated-nonlinear optima I control is demonstrated. The presence of 
this regime in the optimal control law was apparent ly  overlooked 
in the papen  mentioned above. 

In the present note,  further 

F. H. Mitchell ,  Jr. , "Microwave Propagation in  Inhomogeneous Plasma," 
paper  to be presented a t  First IEEE Annual Communications Convention in  Boulder, 
Colorado, June 7-9,  1965. 

Abstract: 
in detai l  and  several  methods for studying the problem are described. 

Microwave propagation in plasma sheaths is discussed 

Both homogeneous and  inhomogeneous plasmas a r e  considered and  
representative models are analyzed.  
t ivity of a plasma are examined and  the electromagnetic fields computed 
for several cases of interest. 

The polarizabili ty and  conduc- 

F. H. Mitchell ,  J r . ,  "Radiation From Magnetic Line Source Arrays Into 
Inhomogeneous Plasma," Transactions of IEEE Group on Antennas and  Propagation 
(Communication), to appear  September, 1965. 

Abstract: 
a n  a r m y  of constant-phase magnetic l ine sources o n  a conducting 
plane into an inhomogeneous plasma. 
os a function of the thickness of t h e  plasma sheath.  

This paper considers the problem of radiation from 

The  radiated power i s  found 

F. H. Mitchel l ,  Jr. a n d  F. J .  Tischer, "Radiation Through Plasma 
Adjoining a Conducting Surface ," Transactions of I E E E  Group o n  Antennas 
a n d  Propagation (Communication) to appear  May, 1965. 

Abstract: 
propagation on inhomogeneous plasma media is described, 
where the solution is in t h e  form of a n  integral recursion 
relation. The technique is nost useful for weakly  ionized 
plasmas. An appropriate example is worked ou t  a n d  the 
resu Its discussed brief I y . 

A method for the  study of electromagnetic wave 
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H. Y .  Yee, "Natural  Resonant Frequencies of Microwave Dielectric 
Resonators," I E E E  Transcctions on Microwave Theory and  Techniques, March, 1965. 

Abstract: 
the natuml resonant frequencies of microwave dielectr ic  resona- 
to6 . This method is based on the approximate open-circuit 
boundary conditions a t  surfaces between a i r  and  the dielectr ic  
with high permittivity. Experimental results show good agreement 
with t h e  theoretical  calculations. 

An approximate method is deve loped for determining 

H. Y .  Yee and F. J. Tischer, " O n  the Wave Propagation in Nonuniform 
Media," to appear  i n  Proceedings of I E E E .  

Abstract: 
media is considered by a new approximate method. This method 
is appl icable  to permittivities of dielectr ic  media with variation 
in on iyone  spatial  coordinate.  

The problem of wave propagation in nonuniform 
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C. Papers submitted for publication during September 1 ,  1964 to  February 28, 1965: 

Hsin Chu,  "Another Note on Transformation Groups with A Fixed Point 
End," Submitted to Portugal Mathematics Journal. 

Abstract: 
V T ,  T)  be a transformation group where X is a Peano con- 
tinuum with a fixed end point under T a n d  T = the discrete,  addi t ive  
group of all integers. Then T has another  fixed point. I' Professor 
H. C. Wang proved that the  same  statement is true i f  T is a compact 
group. Chu proved that  i t  is a lso true for a local ly  compact group 
G which contains a closed subgroup C = Rn ' Zm, where n is non- 
negative integer and  m = 0, 1 , R = that  addi t ive  group of all real  
numbers with the  usual topology, Z = the  addi t ive group of all 
in tegen  with the discrete topology, and  Rn * Zm i s  a direct  sum of 
Rn and  Zm, such that G/C is c o m p c t .  
that  the  same statement is true for a local ly  compact group T which 
contains a compact normal subgroup K such that T/K = Rn * Zm, 
where Rn * Zm is defined a s  above. We aiso prove that  the statement 
i s  true for a n  abe l ian  group, generated b y  a compact neighborhood of 
the  identity,  with a cer ta in  condition. 

Professor A .  D. Wallace proved the following results: 

In this note,  w e  establish 

Hsin Chu, "Compactification and  Duality of Topological Groups," submitted 
to Transactions, The American Mathernatica I Society. 

Abstract: In abstract  harmonic analysis,  there is a compact group 
a t tached  t o  a group in the sense of Weil  on one  hand. 
cal groups there are the  Pontrjagin dual i ty  for local ly  compact abe l ian  
groups and  the Tannaka duality for compact groups on the  other  hand. 
In this paper, w e  use a unified formulation to investigate these two 
theories together. 

In topologi- 

Hsin Chu,  "Some Inheritance Theorems in Topological Dynamics,'' submitted 
to The London Mathematics Journa I .  

Abstract: In Topological Dynamics, the  inheritance theory plays a n  
important role. We present here some inheri tcnce theorems concern- 
ing star-closed partitions, a s  w e l l  as ,  local ly  weakly  almost periodicity,  
and  weakly  almost periodicity. Ihese results a re 'bo th  interesting a n d  
apparent ly  new. 

- 
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Hsin Chu a n d  P. A. Lucas, "An Elementary Problem o n  Numbers," 
submitted to  the Pentagon Journal of Mathematics. 

Abstract: In this note w e  consider the following problem: "Let 
To be a n  unknown number of objects such that  no objec t  c a n  be 
divided into a fractional p a r t .  I f  P/r parts of To plus S/r of one  
objec t  are removed from To, where 0 < s < r and  0 < p < r, t h e  
remainder, TI , has no fraction. 
times, so that  p/, parts of Tk, plus S/ of o n e  object a r e  removed 
from Tk, leaving a remainder, T k +  [k=O, 1,  2, ..., n-l), which 
has no fractional parts, the last remainder, T will  be zero.  Can  
one  determine how many objects there were  rn the  beginning?" 
The answer is qu i te  e legant  and simple, namely: 

If  the  process is continued n 

c ,  

i+ 1 
(a) If sr' is not divisible by (r-p) 

the  problem has no solution. 
for all - S O ,  1 , 2, . . . , n-1 , 

I (b) If sr is divisib it- 1 
le by (r-p) for all i=O, 

- 1  ] :-p r 

1 , . . ., n-1, then 

A. A. Hayday, " O n  Axioms for Heterogeneous Continua," submitted for 
publication. 

Abstract: (not ava i lab le)  

A.  A. Hayday, "On k l a n c e  Equations for Heterogeneous Continua," 
submitted for publica tion. 

Abstract: The paper presents, from the viewpoint of classical 
continuum physics, a rigorous derivation of the  general  ba lance  
equations for heterogeneous continua-substances consisting of 
many distinct, possibly intemcting, constituents. The treament 
is a direct  general izat ion of the well  known theory for a simple 
(one-substance) continuum and covers multicomponent media i n  
solid, liquid a n d  gaseous forms. The work rests on  axioms in  
integral  form stated for the constituents of the  heterogeneous 
continuum, using wel l  defined material  volumes for the medium 
as a whole. An expl ic i t  hypothesis is introduced asserting how a 
constituent of a heterogeneous medium is influenced by  the  total i ty  
of the others. This hypothesis a l lows for general  interactions among 
the  constituents a n d ,  in principle, covers the special  results for 
liquid helium mixtures given b y  Prigogine a n d  Mazur. All  properties 
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of the heterogeneous continuiin cs a whole are consistently deduced 
from the  corresponding properties of the constifuents. In particular,  
the overall integral ba lance  equations a r e  derived by  summing ove r  
a I I components the corresponding ba lance  equations for the consti- 
tuents. 
continuum a r e  consequences of the corresponding integral  ba lance  
equations a n d  a requirement that specifies the  mathematical form of 
the  resultant equations. Herein, this requirement is a general  struc- 
tural hypothesis that, in certain special  cases o f  gaseous mixtures, 
agrees  with known results of kinetic theory. While  our  development 
differs from that  of  Truesdell, i t  may be considered as a n  integral  
equivalent  to his a n d  a completion of the  program h e  started.  

The differential balance equations for t he  heterogeneous 

C. D. Johnson, "A Note  on  Normal Foms for Nonlinear  Control Systems," 
submitted for pubt ication. 

Abstruct: 
study nonlinear controi systems having m e  isoicted nonlinearity. 
This note  proposes a new normal form which offers cer ta in  advan-  
tages over  those currently i n  use. 

Several different "normal forms" have been  used to 

J. H. KaIIweit, "The Relationship Between the Viscosi tyand the DC 

Abstract: 
is proportional to the inverse of  the  viscosity q. 
a - q = const has not been proven in the case of the system 
PVC/DOP. The experimental  results can  be described by 
a q TFT = const i f  the plasticizer content  is not too high. 
The ion mobili ty seems to depend on  a loca I e f fec t ive  viscosity, 
which differs from tha t  viscosity which is derived from retardation 
experiments. 

Conductivity in  PVC," submittcd to Journal of Polymer Sc ience .  

In genera!, i t  has been soid that fhs dc-conductivity a -- 
But the relation 

m 

H. Y. Yee a n d  N. F. Audeh, "Wave Propagation i n  Groove  Guides,"sub- 
mitted t o  I E E E  Transactions on  Microwave Theory and  Techniques. 

Abstract: 
plotes with two grooves cu t  a t  the center  in the longitudinal 

A groove guide  consists of two parallel  conducting 

direction. 
into a parallel-plane guide filled with a nonuniform anisotropic 
dielectr ic .  The posed boundary va iue  problem was  solved b y  
approximation techniques; the resu its were  experimenta I ly  
verified.  The groove guide has t h e  advantages of transporting 
most of the energy in the  groove region, having a very  low 
a t tenuat ion  constant and ,  under cer ta in  conditions, propagating 
the dominant modes only. 

The a i r  f i l led deformed guide  can  be transformed 
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D. The Interim and Final Reports on Confracts and Specific Grants 

Issued by Staff Members 

1 .  
January 31 , 1965, "Approximate Methods for the Computation of Wave Propagation 
in Nonunifom Media t "  NsG-608. 

H. Y. Yee, Final  Technica 1 Report for period February 1 , 1964 - 

2. 
27, 1964, August 28, 1964-November 27, 1964, November 28, 1964-February 
28, 1965, "Interactions of Slow Electrons with Light Gas Atoms," Contract 
NAS8-11249. 

R. A. k n n ,  Quarterly Progress Reports for periods May 28, 1964-August 

3. Vincent M. McCarty, Quarterly Progress Report for period September 
22 , 1964 - December 22, 1964, "Investigation of  Earth Tremors During Large 
Rocket Firings," Contract NAS8-11202. 

4. 
October 1, 1964 and October 1 , 1964-January 1 , 1965, "Basic Research in the 
Mathematical Theory of Automatic Control," Contract DA-01-009-AMC-165 (Z). 

C. D. Johnson, Quarterly Progress Reports for periods July 1, 1964- 

5. 
November 15, 1964 and December 15, 1964-March 15, 1965, "Investigation of 
Surface Ionization on Metall ic Surfaces, I' Contract NAS8-2585. 

R. A. Mann, Quarterly Progress Reports for periods August 15, 1964- 

6. Hsin Chu, Quarterly Progress Reports for periods September 1, 1964- 
December 1 , 1964 und December 1 , 1964-March 1 , 1965, "Topological Dynamics,'' 
Con t mc t NAS8-1646. 

7. 
NAS8-5411. 

F. J. Tischer, Interim Report No. 4, "Parameter Optimization , ' I  Contract 

8. 
periods June 30, 1964-September 30, 1964 and October 1 , 1964-December 31, 
1964, "Inviscid High Temperature Hypersonic Flow of A i r  Past Pointed Bodies of 
Revolution ,I' Contract DA-Ol-009-AMC-166 (Z). 

Jurgen Thoenes and Rudolf Hermann, Quarterly Progress Reports for the 
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APPENDIX 111 

Present and  Planned Research Proqrcrns of the  Research Institute 

A. Hypersonic High-Temperature Gas  Flow - Dr. Rudolf Hermann, Professor 

of Physics and of Aerospace Engineering, and  Director, Research Institute, Dr. R. L. 
Causey, Associate Professor of Mathematics and  Head of the Computer Science Labo- 

ratory, Mr. K .  0. Thompson, Research Associate, and  Mr. Jurgen Thoenes, Senior 

Research Assistant, will  continue the  studies of the flow fields around blunt bodies in 

non-equilibrium hypersonic flow. 

Professor of Aerospace Engineering in July,  1965. 

made for the subsonic portion of a hemispherical body using a simplified a i r  model val id  

in the region of oxygen dissociation. The equations of motion were  particularized for 

t h e  stagnation stream line, which d o  not requi re  a priori assumption of equilibrium a t  

the stagnation region. They show the flow for most cases is not in  equilibrium. 

Dr. J .  J .  Bminerd will  join the group as Associate 

In the past year  calculations were  

During the corning year, i t  is planned to extend the calculations to  include severul 

species in non-equilibrium flow. In the subsonic portion,the method of integml relations 

as proposed by  Dorodnitsyn-Belotserkovskii wil I be used; in the  supersonic region,the DB 

method a s  well  a s  some finite difference scheme equivalent to a method of characterist ics 

solution will  b e  used. T h e  two methods will  be  compared for accu racy  a n d  speed of 

computation. Studies will  be  made to extend the DB method to the  second cpproximation. 

The effects of vehicle  (or model) size  will  be investigated for non-equilibrium flow. 

The necessary s ize  to approach equilibrium for a variety of free stream conditions wil l  

be determined. Both blunt and  pointed bodies will  be  studied. 

The hypenonic  non-equilibrium boundary layer on a hemisphere cone body in  

non-equilibrium hypersonic flow will be investigated by Dr. Bminerd. 

The other  work described wil l  be done by Dr. G u s e y  for t h e  numerical analysis a n d  

computer aspects a n d  by  Dr. Hermann, Mr. Thoenes, and  Mr. Thompson for the  gas 

kinetic and  aerodynamic aspects.  

B. Detection and  lnformation Processing with Memory Type Decision Circuit  - 
Dr. R. J. PoIge, Associate Professor of Electrical Engineering, and  D r .  J .  C. Chang, 

Research Associate, are working in the area of communications . 
conducting research in the detect ion of coded pulse-type signals in  the  presence of 

noise or jamming signals. 

Presently, they  a r e  

lnstead of using the conventional constant threshold 
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drv ices ,  a new scheme with adapt ive threshold level is being investigated in order  

to reduce the error  probabili ty of detection. It can be an t ic ipa ted  that  t he  scheme 

c a n  be appl ied to the reception of command and  guidance signals, detect ion of 

coded radar signals, and  other  applications, in particular in tiansmission where high 

dato mtes are important. 

The error probabili ty for constant threshold a n d  adapt ive  threshold have  been  

compared for white  noise  of normal distribution, no gating, RC filter and.white  

no ise  of normal distribution, gat ing,  RC filter. 

The parameters of interest a r e  the power spectrum of the noise, the ampli tude 

of the pulse before fi l tering, the  width of the pulse and  the t i m e  constant of the 

filter. 

In the minimization of the probability of error, two types of constraint a r e  

used: e i ther  limited amplitude and  variable width o r  limited energy of the  pulse. 

A!though a continuous variotitn of the threshold gives the best results, a discrete 

variation is a lso investigated because of its simplicity. 

noise must be predicted and  t h e  threshold varied accordingly.  If T is the interval 

between two signals, the  prediction of the noise a t  t i m e  t + T, knowing the noise at 

time t, is based on the  value of the  autocorrelation function R (T). Besides fi l tering, 

the RC network increases R (T)  and therefore increases the accu racy  of the prediction. 

The RC filter changes also the shape and the width of the pulses. 

increases in  a sequence of overlapping pulses because the  ini t ia l  charge of the  condenser 

is increasing every  time. 

In the  adapt ive  scheme,the 

The amplitude 

Analyt ical ly  the averoge probability of error for the optimum choice of the  

adclptive threshold has been  found a n d  compared with the case of constant threshold. 
I 

The effect of gat ing i s  a n  increase of the signal to noise mt io  b y a  factor 
1 -e ‘zu/RC 

The  results will  be checked experimentally, the frequencies being sca led  down to m a k e  

the study easier.  

Appendix 1 1 1  
- 2 -  



I 

BecaLise of the complexity of the  problem, only the  special  case of whi te  

noi e with RC fil ter and adaptive scheme with short memory (mainly Markov type) 

h a s  been considered. 

The theoretical analysis wi I I  b e  expanded t o  include different  types of noise 

distribution. Since,during the reception,the structure of the noise can change or 

even  be unknown (as is the case in outer space communications), the adapt ive scheme 

should be able to perform satisfactorily in e i ther  case. 

choice, other types of filters should also be investigated. 

The RC fil ter is not the best 

The noise used for prediction has been sampled a t  the end of the pulse. 

instead, a variable de l ay  technique is used, the autocorrelation coefficient could be 

increased and the probability of error  reduced. 

I f  

Experimentally a more realistic scheme a t  high frequency should be tested. 

C. Wave Propagation i n  Nonunifom Anisotropic Media - Mr. H. Y. Yee, 

Research Associate, and  Dr. N. F. Audeh, Associate Professor of Electrical Engi- 

neering, plan to continue the investigations of wave propagation through plasma as 

encountered during the re-entry phase of a space vehicle.  This field has been the 

subject of a progmm a t  the Research Institute during the past two years. 

From the macroscopic p i n t  of view, the effect  of the internction between 

free electrons and  electromagnetic waves in a region of plasma in the absence of 

DC magnetic fields can be represented as a nonuniform isotropic dielectr ic .  

the presence of DC magnetic fields, however, the plasma behaves a s  a nonuniform 

anisotropic medium. 

In 

Yee has used approximate methods for computation of propagation of a plane 
1 

wave through a nonuniform isotropic medium. He also investigated the scattering 

problem of waves by a dielectr ic  cylinder of similar material, and  by  a conducting 

cylinder immened the same medium. The methods of collocation and  least squares 

have been used. Such methods have the advantage  of iibemlizing the stringent 

- ’ Yee, H. Y., “Approximate Methods for the Computation of Wave Propagation in 
Nonuniform Media ,”  Interim Report No. 1 ,  Grant  No. NsG 608, Sept. 1, 1964, 
University of Alabama Research Institute, Huntsville, Alabama.  
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on the behavior o f  the material. A l l  of 
1 2 3  

condition imposed by other cuthon 

the above problems are limited to one spctia1 variation; a t  present there i s  no 

discussion available for the nonuniform anisotropic media. The model o f  only one 

spatial variation i s  not adequate to represent the re-entering vehicle i n  many cases. 

The nonuniform anisotropic model i s  another problem of considerable interest in 

space communication, since the presence of  static magnetic f ield may eliminate 
4 

the re-entry blackout as pointed out by Hodam . The contribution of a moving 

nonunifom medium to the Doppler effect i s  also an important aspect i n  space 

communication. 

Theoretical investigations are contemplated to solve some of the following 

problems: 

(1 ) Wave propagation i n  isotropic nonuniform media where the variation 

involves two or three spatial coordinates. 

(2) Wave propagation i n  anisotropic nontaifarm media. 

(3) Scattering o f  a plane wave by a moving medium. 

The wave equations for propagation in  nonunifom media are quite complicated. 

However, there are many approximation techniques and numerical methods avai l-  

able for solving the wave equations. I t  i s  expected that some simple modeis would 

yield instructive results by applying one or more methods. 

Richmond, J. , "Transmission Through Inhoino3eneous Plane Layers," 'IRE Tmns. on 
Antenna and propagation, AP-10, 300 (May, 1962). 

Albini, F. A.,  and Nngelberg, E. R., "Scattering of  a Plane Wave by an Infinite 

J. AppI. f'l-tys., 33, 1606 (May, 1962). 

Rusch, W., "Radiation From an Axially Slotted Cylinder With a Radially Inhomo- 
generous Plasma Coating, I' Canadian Journal of Physics, 26 

Hodara, H., "The Use of Magnetic Fields i n  the Elimination of the Re-Entry Rodio 
Blackout,'' IRE Trans. on Antenna and Propagation, AP-49, 1825 (December, 1961). 

1 

2 
Inhomogeneous Dielectric Cylinder - An Application of the Born Approximation, a t  

3 

(January, 1964). 

4 
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D. Grove Guide  for Millimefer Wave Trcnsmission - Dr. N. F. Audeh, 

Associate Professor of Electricul Engineering, and  Mr .  H. Y .  Yee, Research 

Associate, have been conducting research in groove guide in the X-band. They 

plan to continue this project and  extend i t  to higher frequencies. 

A parallel  plane waveguide with a d ie lec t r ic  slab in the middle extending 

in t h e  direction of propagation is called H-guide, because the cross sect ional  
1 

view has the  shape of le t ter  H. Tischer has shown that the electromagnet ic  

energy  is transported in the vicini ty  of the d ie lec t r ic  slab.  Only a portion of 

the  energy is transported outside the slab. 
2 

Tischer a lso showed that if two longitudinal grooves a r e  cut in the walls 

of the  parallel-plane guide, the grooved-guide can be transformed by conformal 

mapping into a n  H-guide. The energy i s  concentrated in the vicini ty  of the 

groove. The  electromagnetic energy decays exponent ia l ly  i n  the transverse 

direct ion,  away from the groove region. The decay is lorge--in orde; of 50 

nepers per meter. When a TE mode i s  exci ted,  the plates of the guide need not 

t o  be inf ini te ly  wide, because of t h e  large decay  factor. 

need for terminating the line at  the sides to  simulate infinity. 

In addition there  is no 

A pamilel-plane guide has been shown to have a decreasing at tenuat ion with 
+ 

increasing frequency. Mr. Yee and  Dr. Audeh have shown that  the at tenuat ion of the  

groove guide is less than that  of the parallel-plane guide,  a s  in the following equation. 

where a = groove-guide attenuation constant 
9 

a = parallel-plane guide at tenuat ion constant 
P 

Tischer, F. J., "The H-guide,  a Waveguide for Microwaves, I' 

Record, pt. 5, 44-51 (1956). 
I R E  Convention 

-- 
Tischer, F. J. ,  "The Groove-guide,  a Low LOSS Waveguide for Mill imeter Waves, I' 

I E E E  Transactions on  Microwave Theory 8, Techniques, Mtt-I 1 , No. 5 ,  291 -296 
{September, 1963). 
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f = cut-off frequency of the groove guide 
9 

f = cut-off frequency of the paralleI-plane guide 
9 

and f < f . 
9 P  

This relationship shows that the groove guide may be useful for millimeter 

wave tmnsmission, a problem which has not yet been solved with reasonable 

prac t i ca I i t  y . 
A groove guide has been built for X-band tmnsmission. The field distribution 

has experimentally been detected. The wave was launched by a horn which 

unfortunately introduces fringing off i t s  walls. Presently, the attenuation constant 

i s  being determined by using a groove guide cavity. By measuring the Q-factor, 

the attenuation constant can be determined. 

It w i l l  be undertaken i n  the future: 

(1) 

which w i l l  be considered i s  the use of a dielectric lens. 

(2) 

frequency w i l l  be increased to the millimeter band. 

To launch waves i n  the guide so that fringing i s  eliminated. One method 
1 

To increase the frequency to K-band. Ultimately, i f  successful, the 

Audeh, N. F., and Yee, H. Y., "On Dielectric Lenses."Toappear in the 
correspondence seciion of  lEEE Proceedings. 

Appendix I l l  
- 6 -  



E. Research i n  Dielectrics - Dr. J. C. Dowdle, Associate Professor of 

Electrical Engineering, and Dr. J. H. Kallweit, Senior Research Associate, have 

prepared a preliminary draft of a paper entitled "A Note Concerning K. W. Wagner's 

After-Effect Function." 

powdered dielectrics a t  the University of Alabama Research Institute. 

This work represents the in i t ia l  investigation in the field of 

Dowdle plans a continuation of his work to ascertain the dielectric constant of 

solid materials without the requirement of a specific geometry for the solids in question. 

Instead of subjecting the materials to machining processes, the materials would be ground 

or pulverized into powderlike particles. The method under consideration lends itself 

quite readily to materials which inherently appear in granular form. The work could be 

extended to the investigation of powdered semiconductors, which may be used as photo- 

resistors or in photocells for the detection o f  infrared radiation. 
1 

Dowdie began a study of a number of  dielectric mjxture relations, including the 

weii-known relations of Bruggernan, Wiener and iichteneker, in order to determine the 

dielectric constant of one of the constituents o f  a mixture when the dielectric constant 

of the discontinuous phase was unknown but that of the continuous phase was known. In 

each of these relations the dielectric constant of  the mixture, E m, i s  given for a two- 

phase mixture in terms of the dielectric constant o f  the continuous phase, c, the dielectric 

constant of the discontinuous phase, Ld, c and the volume percentage of the discontinuous 

phase, V,. 

assembled his empirical relation for porphyritic mixtures, 
2, 3 

Pea rce 

€ m -  E c  - - (1 -h) Vd 
E d -  E c  (1 - h  Vd) 

' Dowdle, Joseph C. "Determination of the Dielectric Constant of Solid Dielectrics 
Through an Apptication of Pearce's Equation," Univenity Microfilms, Ann Arbor, 
Michigan (1962). 

Pearce, C. A. R., "The Electrical Conductivity and Permittivity of Mixtures, With 

1 13-1 20 (1955). 

Pearce, C. A. R., "The Permittivityof Two-phase Mixtures," Brit .  J. Appl. Phys. 
6 ,  385-361 (1955). 

2 

Special Reference to Emulsions of Water i n  Fuel Oil," 3 L -  1- AppL. P h p  6, 

3 
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where h is defined only with respect to test results and  had no  derivation from shape 

fac ton. 

In the preparation o f a  given mixture i t  is necessary to know the corresponding 

value of h before calculating the dielecfric constant of :he mixture from its constituents. 

This requirement of a knowledge of h limits the use of Pearce's equation in the classical 

sense of being able to  determine mixture characteristics from the constituents. However, 

os h d l e  has shown, the value of h can be determined statist ically from a group of data 

o n  several mixtures having different concentrations of the s a m e  constituents, even when 

the dielectr ic  constant of one  of the constituents is unknown. It is thus through establishing 

the proper value of h for Peacre's equation that  a determination was made of the  d ie lec t r ic  

constant of powdered dielectr ic  materials. However, this investigaticn was restricted to 

frequencies of less than 100 kilocycles and to a ratio of d/& of less than six. 
C 

Maximum advantage in the current studies would be derived for the higher 

permittivity materials a t  f:eqiiencies i n  the s i p c y c l e  mnge.  However, add i t iomi  

investigation is needed in the frequency ranges below 1 .O gigacycle .  

permittivity materials the dielectr ic  powden may be measured somewhat conventionally 

For the lower 

I 
as by Mukharev, Perelman, and Rogova 

that  t he  wavelength in the  guide section containing the mixture must  be large with respect 

to the cell s ize .  

materia Is as discussed by von Hippel 

. This scheme, however, h a s  the  disadvantage 

It is intended that  transmission methods be  used on the  higher permitt ivity 
2, 3 . 

' Mukharev, L. A., Perelmon, A. M.,  and Rogovo, N. A . ,  "Determination of the 
Permittivity of Materials a t  High Temperatures in the 3-CM Range of Radio Waves." 
Pribory i Tekhn. Eksper 5 , 138-141 

Hippel, A. von (ed.)  
Sons, Inc., (1954). 

(Sept. - Oct., 1961). - 
Dielectric Materials and  Applications. New York: John Wiley and 2 - 

Hippel, A. von (ed.)  Dielectrics and Waves. New York: John Wiley and Sons, Inc., (1954). 3 
-- 

(1 954) 
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It is proposed to d o  the following: 

(1) A thorough investigation will be made on all published two-phase 

dielectr ic  mixture relations. (Computer programs wil l  b e  prepared 

to display these comparisons.) 

A methodwiil be developed to obtain dielectr ic  constunt-venus- 

concentration data  in the frequency mnge from 1 .O  to 3.0 megacycles. 

A method will  be developed to obtain dielectr ic  constant-venus- 

concentmtion data  in the frequency mnge from 50 to 500 megacycles. 

A method will  b e  developed to obtain dielectr ic  constant-venus-concen- 

tration data in the frequency range from 0.9 to 4.3 gigacycles.  

Pearce's relation will  be evaluated using the data  of (2), (3) a n d  (4), a s  

a means for determining the dielectr ic  constant of solid materials in the 

frequency range from 1 .O megacylce to 4.3 gigacycles.  

As time permits other  mixture relations will be investigated using the  

data of (2), (3), and  (4). 

(2) 

(3) 

(4)  

(5) 

(6)  

Dr. Kallweit will c o n t i n u e  work perfonned before joining the Research Institute 

concerning the relation between viscosity and  conductivity. Since .joining the Research 

Institute his analysis of former experiments has shown that i t  should b e  possible to use 

viscosity measurements to derive t h e  mobility ond concentration of ions in dielectr ics  

when the measurement of the  Hall-Voltage or the tmnsference number is not possible 

due  t o  currents of insufficient magnitude. The evaluation of the  experimental results 

has shown that the viscosity values which were  obtained by  retardation experiments 

("macroviscosity") cannot be used in connection with the specif ic  conductivity of t h e  

sample. But they g ive  the possibility for t h e  definit ion of a "microviscosity", which 

describes the  friction force on ions in  the field of neighboring molecules or molecular 

groups. 

the mobility, diffusion coefficient,  and t h e  m e a n  free path of the  ions a r e  in  fa i r  agree-  

ment with values from other  authors. 

Experiments a r e  planned to check this new hypothesis. The derived values for 
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F. Research on Transmission, Reflection and  Diffmction of Coherent Light - 
Dr. R.  A. Mann, Associate Professorof Physics, and  Mr. W. L. Gamble, Research 

Assistant, plan to continue work on studies related to the intrinsic divergence associated 

with laser beams. These studies a r e  concerned with the properties of laser rods that 

cause divergence in excess of  that associated ,with diffraction from a finite aperture. 

As a part  of this study some considemtion will  be given to the  problem of treating 

scattering of photons from excited ions when the photon occupat ion number is very large. 

An experimental program i s  being considered t o  study the scattering of light by 

phonon (Brillouin scattering).  This program would use lasen  in connection with appro- 

pr ia te  detectors to ztudy various properties of latt ice dynamics. 

G. Research in Optics  - Dr. I .  H.  Kallweit, Senior Research Associate, has 

a maior interest in experimental physics. 

development of the concept  G f  an optrcal instrvment which allows the measurement of 

the size of obiects at  a greot distcnce when the distance of t he  observer to the  objec t  

i s  known. The concept i s  based on interferometric principles. The most significant 

difference from other types of interferometers is that  the  fringe system is not considered 

but rather the instrumental condition for the formation of interference fringes. This 

method will  not g ive  the theoretical  high accuracy  usually associated with interfero- 

me te r s ,  but i t  allows a simple and quick determination and  the possibility to observe 

and  compare different neighboring objects a t  t h e  same time with good accuracy. 

Experiments have shown that the concept is feasible and that  the method can be improved. 

Recent work has been  directed toward the 

A differential interferometer has been insralled. It will  be used for experimental 

Experiments are in preparation to  work in  the field of boundary loyen a n d  heat  transfer. 

check theoretical  calculations of Dr .  A. Hayday, University of Alabama Research Institute, 

published in  the following: 

"On Heat Transfer From Isothermal and Nonisothermal Spinning Bodies 
of Revolution." Presented a t  the 1964 Winter Annual Meeting of the  
ASME, to  appear  in the  Journal of Heat Transfer.  

"Similar Flows About Axisymmetric Bodies Rotating i n  a Fluid a t  Rest. 
To appear  in Applied Sciectific Research, Section A .  

1 .  

I 1  

2. 
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Experimentat work i n  the fieid oi 1;ght reflection on various types of surfaces 

wilt  be undertaken. 

with  highest possible OCCUMCY. 

lasen, w i l l  be considered. 

making reflectance measurements in the far infrared to 700/cz. 

I t  is planned to investigate the light distribution after reflectance 

Different IiGht sources, including coherent light of 

Studies are considered with respect to the possibility of 

H. Experiments i n  Chemical Physics - Dr. W. F. Arendale, Professor o f  

Chemistry and an Assistant Director of the Research Institute, plans studies on the 

behavior of molecules in highly excited states, particularly dissociation and bond 

formation. Work with materials in the excited states as may be obtained under condi- 

tions generated by plasma and arc equipment has been considered. Experimental work 

i n  this area i s  delayed until installation of equipment is completed. 

Molecules may be placed in excited states by absorption o f  electromagnetic 

mdiation. Absorption of energy i n  the near infmred region of the spectrum produces 

vibrational excitation of molecular bonds. Absorption of  ultraviolet radiation produces 

molecules i n  excited electronic states. Absorption of energy can be equivalent to 

raising the temperature. The use of the laser to generate coherent and monochromatic 

radiation adds a tremendous new dimension to studies i n  chemical physics. Special 

attention w i l l  be given to those experimental conditions using laser equipment that 

result i n  molecular fragmentation. Attempts w i i l  be made to stimulate selected chemical 

act iv i ty by choice of frequency and intensity of the light beam. 

tures w i l l  be studied as possible means of initiating selected chemical reactions. It i s  

hoped that new materials of construction applicable to space systems can be generoted 

by initiating polymerization reaction i n  this manner. Since low pressures are encountered 

in space applications, i t  may prove advantageous to study certain of the energy absorption 

processes at  low pressures. 

Localized high ternpem- 
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I .  Theoretical Atomic Physics - Dr.  Robert A .  Mann, Associate Professor of 

Ptiysics, and  Dr. W. R. Garret t ,  Assistant Professor of physics, a r e  working in the  a r e a  

of atonic physics. l%e results a r e  of interest to people who a r e  involved i n  investiga- 

tions in upper atmosphere physics, plar,etary atmosphere studies, studies of radiation 

belts, the  general  a rea  of plasma physics, wave propagation through plusmas, and  

cer ta in  laser problems. The work can be divided into the foilowing three areas: 

1. Low Energy Electron Scattering, Elastic and  Inelastic 

A considemble amount of work has been done in calculat ing low energy elastic 

scattering cross sections for electrons on the  a lka l i  metal vapon. The major effort  in 

these investigations has been  the development, through perturbation theory, of a 

sui table  interaction potential  to describe the scattering process at  low energy. This 

work has led to very good results in  agreement with ava i lab le  experimental data. 

Further investigations of elast ic  scattering will  include extension to other  a tomic 

systems of the methods developed a t  present, and  f u r t k r  investigation of the effects 

of exchange in the low energy region in  particular,  through the adiaba t ic  exchange 

approxima tion. 

The Satisfactory treatment of the polarization of t h e  aiomic system by a n  

incident charged par i ic le  in t h e  elastic scattering process gives some hope tha t  

t he  final s ta te  interaction in inelasiic scartering processes might be handled 

through a n  analogous approach. An effort will b e  made to describe the inelast ic  

scattering process with the  inclusion of t h e  final s ta te  interactions through a 

polar izat ion potential  simi lor t o  that  used successfully in the e las t ic  scattering 

interaction. 

2. lon-Photon Processes 

a )  Photo-ionization and Detachment 

The method of ca lcu la t ing  a suitable interaction potent ia l  for a charged 

par t ic le  and a n  atomic system has applicofions in areas  other  than  tha t  of low 

energy electron scattering. It is equally important that t h e  proper final s ta te  

interaction be used to describe low eneigy photo-ionization and  detachment 

processes. The perturbation method which has successfuiiy described t h e  scat ter ing 
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interaction can b e  used to c a l c u h e  the  potential  br the detached electron in 

t h e  interactions 
1) 

A - + w - . A +  e- 2) 

+ -  A + W +  A + e  

That is, photo-ionization and  photo-detachment,particularly in t he  infrared and 

visible regions. 

in  calculat ions of photo-detachment cross sections for negat ive ions such a s  

0-, N-, N o  , e tc . ,  a r e  in error by more than a n  order of magnitude. 

Failure to account for the  distortion of t h e  final s ta te  system 

- 
Earlier calculat ions of processes 1 and 2 above  have included polar izat ion 

in t h e  final s ta te  largely through seni-empiricol 

experimental  data. Use w;ll be mode of the  perturbation method of ca lcu la t ing  

t h e  final s ta te  interactions in either the dipole  length or dipole  acce lera t ion  

formulation. 

methods adjusted to fit 

b) Two BQJY Recombination Cross Sections. 

The inverse of t h e  above  process, i.e., e lectron attachment or  recombination 

c a n  be obtained in similar calculations to those of processes 1 and 2. The 

important differences here a r e  recombination into exci ted states where polar izat ion 

effects  a r e  aga in  very important. 

3.  Atomic Polarizabilities in Ground a n a  Excited States 

A calculat ion which comes almost as a by-product of t h e  above  

consideration is t h e  dipole polarization of an  atomic system in t h e  ground s t a t e  

or exci ted  s ta te ,  thus being obtainable from the  asymptotic value of t h e  

polar izat ion potential  os discussed above. 

applications.  In particular, the average dipole  polar izabi l i ty  of a stat is t ical  

distribution of highly exc i ted  but weakly ionized gas atoms wi l l  be investigated 

with t h e  resultant d ie lec t r ic  properties of t h e  gas determined for t h e  purpose of 

determining the  effect  of such a dipole gas on wave  propagation through the 

medium. 

This information i s  useful in various 
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J. Experimental and  Theoretical Studies Related to Surfoce Physics - Dr. R. A. 

N a n n ,  Associate Professor of Physics, is the principal investigator for studies of the atomic 

intelnct iom 

that c lean  surfaces are studied. At  the present a n  experimental program is under way  

to study adsorption, desorption and  surface ionization a s  functions of temperature, 

e lectron bombardment, and  other  variables. The techniques of field emission microscopy 

are  being used. A special  technique involving the  use of chopped molecular beam 

apparatus in combination with a field emission tube is in the process of being developed 

so that  studies of adsorption and  desorption a t  high substrnte temperatures may be 

car:ied out .  Field emission ion microscopy studies have also been  init iated so that  

the atomic structure of the substrate may be determined. 

a t  surfnces (predominantly meta Is) under control led conditions such 

A theoretical  program is being car:ied out in connection with the experimental 

The purpose of the theoretical  work i s  to provide a n  undentanding of t h e  experi- work. 

mental  results a n d  to suggest further areas in which experimentai studies are required. 

The effects of the  potentials occurring a t  a surface a r e  being considered in relation to 

the observed surface ionization effects and the tempemture dependence. Certain 

studies related to the migmtion of ions on metal l ic  surfaces are a l so  expected to be 

undertaken. 

K. Electron Shielding - Dr. C. P. Bhallo, Assistant Professor of physics, 

h a s  work in  progress and  plans additional work i n  e lectron shielding and  nuclear  physics. 

In recent  years, shielding of sensitive equipment (e.9.  in a sa te l l i t e )  against  e lectron 

bombardment has become increasingly important. 

one uses approximate electron wave  functions to  ca lcu la te  the effectiveness of a parti-  

cu la r  shielding material; introducing erron which may not be negligible.  

In the usual theoret ical  formulations, 

Work in the calculations of better e lectron functions has been  ini t ia ted in the  

last year by  Dr. Bhalla. In brief, the f ini te  nuclear s ize  of a nucleus a n d  the  atomic 

screening effects  is considered. Preliminary calculationsindicate that  such a program 

can be pursued profitably by numericai integration of the  e iectron rndiai equations 

using a realist ic potential .  
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The electron functions and  phase-shifts for the appropriate values of the total 

angular  momentum will be computed. These colculations will  be perfonned by nume- 

rical integration of the Dirac equation. 

The appropriate values of these radial wave-functions will  b e  calculated for 

the potential specified by  the  following equation (fl = m = c = 1)  

where JP i s  the nuclear radius i n  units of h/mc and  Z i s  the  a tomic  number. The fine 

structure constant, o( , is 1/137.037. RA will  denote  the atomic radius. 

V (r) = V (Hartree-Fock) 

V(r) = 0 

for f <  r <  RA 

for r >  - ZA. 

- -  

A computer prwram will  b e  develqjed,  Grid :he results ava i l ab le  In the  l i terature on 

Hartree-Fock potential  wil l  b e  used. 

The Thomas-Fermi screening potential will  also be considered. In this case, 

the  calculations will  be performed by employing the  following potential  for the  electron: 

Z v (r)= - a 
r 

where RA= atomic radius and  0 

L - 1  

for r < f - 

-D (r, Pi) forf < r <  RA *A -2 
0 (4+ Z n L  - -  
(14, ) is to b e  ca Icu lated from 

1/2 / x  1/2) 3 
2 

d Q  = x ( d + Q  27- 
1/3 -2/3 

Z with d c  (32r 3 2 ,) 
The screening factor $J ( A )  will be calculated first b y  numerical integration of the 

last equation. This will  involve several i terations so a s  to obtain a reasonable 

a tomic  radius, where Q is equal t o  zero. 
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The phase-shifts will  be cclculcted in both cases by comparing the ca lcu la ted  

values with the expected asymptotic behavior of the  radial  functions, f ;,{ a n d  g p, . 
It is expected that  calculations, based on this work, would provide a realist ic 

function for the electron shielding calculations. A t  the present time, t h e  Runge- 

Kutta method is being investigated for numerical integration of the relevant equation. 

L. Control Theory - Dr. C. D. Johnson, Associate Professor of  Electrical 

Engineering, has a major interest in the mathematical theory of automatic  control. He  

wil l  continue to  study game theoretic problems in optimal control with particular emphasis 

on the  singular solutions which ar ise  in such problems. in addition, a study will  be made 

of dynamic optimization problems with non-Markovian payoff. Mr. Rolf Duerr, Research 

Assistant working with Dr. Johnson, will  investigate the  feasibil i ty of "machine solutions" 

for domains of asymptotic stabil i ty using a high-speed, hybrid, ana log  computer. 

Mr. C. F. Chen joined the Research Institute i n  November, 1964, as a Research 

Associate. 

ach ieved  which is to construct Liapunov's function by  the  Routh's Algorithm. The report 

was accepted b y  l E E E  Proceedings and wi l l  be  published in the near  future. 

In his studies of Liapunov's Stability theorems, a significant result has been 

Mr. Chen also plans to extend t h e  Routh Algorithm to find the  Liapunov's functions 

o n  a feedback system with a s ingle  nonlinearity b y  ( 1 )  Using the  Puri a n d  Wygandt method 

to find the transformation matrices by which a n  arbi t rary system c a n  be converted into a 

Schwarz' fom; (2) Applying Zubov's digital  computer techniques to  eva lua te  t h e  domain 

of asymptotical s tabi l i ty  compared with the result possibly obtained from the first step. 

M. Mathematics - Dr. R. L. G u s e y ,  Associate Professor of Mathematics, is 

presently concerned with research i n  mathematical analysis a n d  computer sc ience  

(including numerical analysis). H e  is charged with the  coordination a n d  development 

of the University's computing activit ies uti l izing the  UNIVAC 1107 cen te r  located a t  

the Research Institute. 

Research act ivi t ies  ant ic ipated for t he  third grant  year include study of (1 )  

numerical methods for solving nonlinear ordinary cnd  partiaI differential  equations,  

(2) approximation problems in  matrIx spaces,  (3) computer methods for solving problems 
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involvifig very large matrices, (4) optimum mechanization of information retrieval from 

inverted files, and  (5) n u m e r i c a l  algorithms for solving cer ta in  variational problems 

connected with optimum trajectory and control problems. 
1 Efforts will  be made to obtain extensions of Dr. Causey's thesis. Numerical 

experiments will  be conducted on the  UNIVAC 1107 in a n  at tempt  to find minimum 

sequences of approximating normal matrices. As a separate  investigation, problems of 

mechanization of the solution of  systems of linear a lgebra ic  equations with very large 

nu nber of equations (more than 500) are an t ic ipa ted .  

Information retrieval from inverted files is a recurring problem which may involve 

a very considerable amount of computer t ime  simply due  to a very large number of 

requests. It is proposed to study mathernatica I problems, appl icable  t o  several  different 

computen,  involved in computer-mechanized retrieva I in the least amount  of computer 

running time. 

It is ant ic ipated that  some theoretical investigations and  n u m e r i c a l  experiments 

wil l  be made in connection with variational problems of current interest to National 

Aeronautics and  Space Administration, especia 1 ly those being investigated b y  Dr. 

Johnson of the Research fnstitute. 

Penonnei assisting Dr. Causey In many of these ac t iv i t ies  wi l l  include Mr. Ot i s  

Vaughn, Numerical Analyst, who has f ive years' experience programming computers to 

solve scient i f ic  problems. 

Dr. Hsin Chu, Associate Professor of Mathematics, plans to continue and  extend 

the mathmatics research work of the past years. 

p laced  on the following three subjects: 

in the coming months emphasis will  be 

1 .  The topological properties of ordinary nonlinear differential  equations - 
Among other  things, w e  intend to study Liapunov stabil i ty,  asymptotical stabil i ty,  

complete stabil i ty,  limit cycles,  m i n i m a l  sets, and  their  possible appl icat ions,  to  

control theory. The basic tools will  be topological dynamics and  differential  geometry. 

Related publications: (1)  Hsin Chu, " O n  Totaiiy Minimal Sets ,"  ?roc. Am. Math.  

Causey, Robert L., "On Closest Normal Matrices,  " Ph. 0. Dissertation, Stanford 
University ( M a y ,  1964). 

1 
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- SOC. (1962); (2) Hsin C h u ,  "Algebraic Topology Criteria for Minimal Sets, ' I  - Proc. 

Am. Math S O C .  (1962); (3) Hsin Chu,  "On Universal Transformation Groups, 111, I' 

J. Math. (1962); (4) Hsin Chu,  "The Fundamental Group and  the First Cohomology 

Group of a Minimal Set ,"  with M. Geraghty, Bull .  Am. Math. SOC. (1963); (5) 

Hsin Chu, "The Automorphisa Group of a Geometric Structure, 'I with S. Kohayeshi, 

Trans. Am. M a t h  Soc. (1964); (6) Hsin Chu,  "On  Ultimate Boundedness and  Liapunov 

Stabil i ty",  (in preparation); (7) Hsin  Chu, "A Note o n  Complete Stabi l i ty  of a Non- 

l inear Control System," (in preparation). Mr. H.  C. Wasserman, a F%.D. candidate  

a t  Wesleyun University, will  participate in this program during t h e  coming summer. 

2. Fixed-point problems in transfornation groups - The problem of fixed- 

points under a group is one  of the most important problems in transfornation groups. 

Indeed, i t  is also a n  important phenomenon i n  the physical world. Related publica- 

tions: (1)  Hsin Chu, "A Note on Compact Transformation Groups with a Fixed End 

Point, I' (to appear  Proc. Am. Math.  SOC.); (2) Hsin Chu,  "Fixed Points in a Trans- 

formation Group, '' (to appea r  Pacific J .  Math.); (3) Hsin Chu, "Another Note on 

Transformation Groups With a Fixed End Point," (in preparation); (4) William Gray,  

"Fixed Points and  Transformation Group, 'I Ph. 0. thesis, University of Alabama. 

Mr. G r a y  will  par t ic ipate  in this program this summer. He will  finish his Ph.D. 

progmm in Mathematics a t  the  University of Alabama this June under Dr. Chu's 

supervision. 

3. The effect of the rotation of earth's atmosphere in the  motion of an ar t i -  

ficial sa te l l i t e  - in most ac tua l  cases of ar t i f ic ia l  sa te l l i t e  motion, t he  effect of the 

rotation of earth 's  atmosphere is the most important next to the effects of the oblate-  

ness a n d  atmospheric drag. This is especially true for a close e a r t h  satell i te;  for 

example,  when the  height of its perigee is less than 200 miles. We shall  study the 

problem of at tending to oblateness perturbation, the atmospheric drag effect and  

the  rotation of the atmosphere in a single system of equations: 
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? =  I W is the 

force function which includes the oblateness terms, and  z. represents the  atmospheric 

drag effect. Then 
I 

where A a n d  a r e  constants, w is the angular ve loc i ty  of rotation of the atmosphere, r the  
I 

radius vecior,  a the instantaneous semi-major oxis of the orbi t  and  2 - w x 2 ,  - & = w x ,  1 

M i s s  ?at Lucas will  participate i n  this p;og:om. She  has her  3. 5. i n  Mathemctics 

from the University of Alabama and  currently she  is a graduate  student a t  the  University 

of Alabama in Huntsville. 

"Theoretical Evaluation of Atmospheric Drag Effects in the  Motion of a n  Artificial  Satellite, 

Related publications: ( I )  Dirk Sronwer and  Geo-ichiro Hori, 
1 1  

The Astro. J.  (1961); (2) B. J. Cain, "Determinotion of Mean Elements for Bronwer's 

Satel l i te  Theory," Tine Astro. 1. (1962); (3) H. R.  Westennan, "Secular  Effects of 

Atmospheric Drag on Satellite Orbit," 

Knol le, "Differential Corrections Applied t o  the  lrsak Equations of the Artificial  

Sa te l l i t e  Motion," The Astro. J .  (1964). 

The Astro J .  (1963); (4) W. A. Allen a n d  W. E. 

N. Structural Mechanics - Dr. G. A. Wempner, Professor of Engineering 

Mechanics,  and  Dr. J. T. Oden,  Assistant Professor of Engineering Mechanics,  expec t  

to  in i t ia te  work in  two theoretical  areas .  

Appendix I l l  
- 19 - 



1 
I 
I 
I 
1 
I 
1 
1 
I 
1 
I 
I 
II 
I 
I 
I 
I 
1 
I 

1 -1 
I .  ineories of composite shells - The theory of sheils has been  studied 

ex:ensiveIy s ince :he Icst century.  

vehicles  have drawn at tent ion t o  sandwich shells cnd  the means to ana1;ce them. 

Llniorfunately, m u c h  of this effort  hcs been expended to amend and  app ly  the  

established theories of one-layer shells. Of ten  the results a r e  questionable and  

unreliable.  Then too, new materials and methods of fabrication have led to 

composites which lie beyond the existing consti tutive equations. 

Recent effarts to reduce weish t  in fllght 

The research is directed toward the rigorous development of the  governing. 

equations for complex types of shell  strvcttires. These studies will  inc!ude the  

e f f ec t s  of large def lect iors .  ' k e  results wi l l  cppfy to p:c;blerns of strdctural 

instabil i ty,  vibration a n d  wave  propagation. In order  that  the  studies be of 

direct pract ical  va lue  the general  resulx will  be  special ized for par t icular  geometries. 

2. Ihe f ini te  eiemen: merhod for continuous meciio - i h e  Cnite element - I  - 

method has been appl ied  successfully to l inear problems s ince 1958. 

to  extend the force or stiffness method to nonlinear prob!ems have had limited success. 

The methods proposed for the  analysis of geometr ical ly  nonlinear problems fall in  two 

categories: (a) successive corrections of the Iinecrized problem; or (lo j formulation of 

the nonlinear problem which is then solved by  successive approxirnciiom. 

Recent attempts 

The first technique permits n o  insighr into the  nonlinear phenomena and  is 

incapable  of detect ing characterist ics of the behavior of the structure which are 

pecul ia r  t o  the nonlinear problem. 

recently,  and  the  particular formulations were  subiect  to  severe limitations. The 

proposed research is to develop the finite e lement  method for appl ica t ion  to  essentially 

non I i nea r prob lems . 

The second technique has been attompted on ly  

The basic relationships developed in part  I of the study ore to be formulated 

The research is in t e rns  of discrete variables b y  the techniques developed in part  2. 

to culminate  with numerical applicarions to  representative problems. 

Dr. W. Kubitza, Profzssor of EnaInszrifig Mechanics,  plcns to extend the  

opt ica l  Moire/ method, which has so fcr Seen  used only for two-dimensioncl 

structural e l enen t s  to three-dimensionc I structural sys:ems. This method yields 
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corn?!c:e infom,ation required for the cncljrsis of structural systems such as becms, 

grid sv tems,  plates of various configuration suS;ec:ed to different types of loading 

at m u c h  less cost than most other  standard experimental mefhods. 

completion of such a research effort would open a wide field of appl ica t ion  in  the  

i n v e s t i p  tion of she1 Is. 

The successful 

The  development of a structural research laboratory with a broad basis of 

capabi l i t ies  will  enable  the Research fnstituye ro assist in solving structural 

p rob lem a s  encountered in  launch s i te  equipment and  space  fl ight hardware OS wel l  

a s  supporting theoretical  research i n  the field of shell araIy;is, vibrations, flutter, 

fatisus, e t c .  

In porticular, it is planned to estcblish dependobie methods of investigating 

the  structural  behavior in cylindrical  and conical  shel!s and  of assemblies thereof 

b y  reproducing a n d  evaluating on  sca le  modeis rhe varying static and  dynamic load 

conditions of missile and  spacecraft  assemblies i n  f l g  ht. 

Further description of the development of the structura I mechanics laboratory 

i s  given in  sect ion 0. 4. 

0. General  Laboratory Development - The cddi t ion of the needed laboratory 

space  upon completion of t h e  Research Institute Laboratory-Office building , a lthough 

a valuable  asset ,  requires the  release of rime of several  staff members to develop the  

laboratories. The following facil i t ies w i l l  receive special  a t ten t ion  during the  next 

y m  r: 

supervision of the installation of a 300-500 KW d-c power source.  This power supply, 

the  design of which has recent ly  undergone some revisions, is to supply a large amount 

of highly-controlled d-c power to the  high-temperature, arc-technology, plasma physics, 

electromagnetics,  and  laser lcboratories. After the final accep tance  of the  manufac- 

turer's proposal, Dr. Dowdle wi l l  b e  re5ponsible for t h e  supervision of the instailation , 
checkout of the required characteristics, and  final cccep tance  to meet t h e  appropriate  

labom tory tequi rements. 

1. Installation of D. C. Power Scurce - Dr. Dowdle wil l  provide technicai  
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2. Anechoic Chamber - Dr. Dowdle wi!l be  r e s~ons ib l e  for the installction 

of the anechoic chamber to  b e  built  i n  t h e  electromagnetic laboratory. 

been received from manufacturen for its ins:ailationpnd the proposals are being 

evaluated.  Afte: the chcrnber has been corx?leted Dr. Dowdlc will evoluate its performance 

within the frequency range for which it wcs designed. 

Proposcls have  

3. Analytical  Laboratory - Dr. Arendale,or a staff member to b e  employed, 

wi l l  establish a n  ana ly t ica l  laboratory. An infrared spectrophotometer, a n  ul t raviolet  

a n d  visible spectrophotometer, an arc spectrograph, and  gas  chromatograph equipment 

are now avai lab le .  An atomic absorption spectrometer and  possibly a Rnman spectrograph 

wil l  be  added to this equipment. The Research Institute will  be in a position to o f fe r  

ana ly t ica l  services without interfering w i t h  the special purpose for which  the equipment 

was obtained. 

4. Structural Mechanics Laboratory - D:. Kubitza has begun to ac t iva t e  t h e  
. . m , -  Structumi Mechanics Laboratory since cssuxIng his &ties Feb i i i a ;~  I ,  1~03. 

The development of this facil i ty wil!  strengthen the  research capabi l i ty  a n d  

graduate  program in the  field of theoretical  cnd  structuml mechanics. Emphasis is 

to be placed on investigations of phenomena in the field of impact loading, vibra- 

t ion a n d  flutter. It is planned to e x t e d  the  resecrch capcbi l i ty  to  include the s tudy 

of fatigue of structural materials a n d  the effect of design practices on  the  fatigue life 

of structures. This structural research laboratory also represents a n  indispensable tool 

b r checking, confirmingpnd advancing developments in  the field of theoret ical  

mechanics a n d  wil l  a l low solving structural problems for which, because of the i r  

complex nature, no ana ly t ica l  methods of onalysis a r e  presently known. 

Work in  the  next  year  wi l l  be directed toward making the  laboratory fu l ly  

operat ional  at the ear l ies t  date. Equipment which has been  purchased and  is scheduled 

to a r r i v e  during the next  months wil l  be  s e t  up, checked out,and integrated in  a n  

organizat ion which wil l  enable  us to ccrry our xodei investigations and  experirnen?cl 

iesearch in  the field of strvcturcl  mechanics b y  the fo.llowing standard experiment01 

methods: 
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Me c !;a r, 1 ca I S ? ;tl i n !v"v',ec su rem e n :s 
Sriitle Cocting 
Photoe lcstici t y  
Photo Stress (Pnotoelcstic coating technique)  
Electricai Strain Gcge Technique 
Moire Method 

The first phase will  include the design and  construction of some basic structural 

models which will  la ter  be used for instruction purposes. 

5. Other  Laboratories - Several other  special  purpose laboratories wil l  be 

improved a s  staff and  equipment a r e  cvci!cble.A new staff member is required before  

further development of the  radioisotope lcboratory is contemplated.  The lcboratory 

has been  checked out  and  radiation counting cnd  alpha,  Seta and  gamma counting 

equipment has been cal ibrated.  

As soon as personnel a r e  avaifab!e :he equipnent  wil l  be installed on the 
- 

anienna  range. 

t he  equipment has arrived. The microwave and  mill imeter wave  propagation laboratory 

wi l l  be further extended t o  provide labomtory space for addi t ional  thesis work a n d  

further research capabi l i ty .  

ihe space  and  necessary services hove been provided, a d  most of 

I 
U 
I 

Programs to b e  Added During the Next Yecr: 

Several areas of special  interest to  students and  significant in the  development 

of the  program of the Research lnstituie which require the employment of senior s taff  

members during the next year  are:  

A .  Low Density Gas Dyccmics - In the  past, a program on molecular  surface 

interact ion in  the free molecule and  transition flow region was  conducted. This work is 

important to the s tudy of transfer phenomena in  the high a l t i tude  aerodynamics. An 

aspec t  of this f ie ld  that wi l l  be considered is the aerodynamic contribution due  to 

molecular  surface interaction and  its effects on spcce orbit  calculat ion.  

B. High-Temperature Thermodynazics a n d  Plasma Dynamics - This work should 

include theoretics I and  experimenta 1 work in creas of high-temperature thermodyncmics, 

in par t icular  research in thermodynamic properties of, cnd  energy  a n d  mass transfer to, 

ionized gases in  plasma generators. A specicl ly  designed laboratory is ava i l ab le  for this 

work. 
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C. Operations Research - An operations research and systems analysis 

progmm should b e  organized. 

D. Statistics - Consideration is being given to the development of a 

research program in mathematical statistics and probability. 

E. Celestial Mechanics - Work should be expanded in  celestial  mechanics. 

The study of theory of orbits would be a n  excel lent  a l l ied  development to other  space 

related progroms of the Research Institute. 
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Main Campus 

Department of Mathematics May 5, 1965 

Progress Report on, and Proposed Continued Research in, 
Optimization Techniques as Applied to Space Problems 

A. Progress Report 

Research on this project was begun in September, 1964. A paper 

entitled 'IApplicatian of the Morse Formulation of the Problem of 

Bolza to Gross' Rendezvous" has been prepared. By llgross" 

rendezvous is meant interception (one vehicle being flown so that 

eventually its position coincides with that of a target vehicle) with 

the added condition that at interception the direction, but not the 

magnitude, of the interceptor's velocity vector coincides with that of 

the target. In the situation discussed the target is assumed to be in  

circular earth orbit; the interceptor i s  flown optimally (minimum 

fuel consumption) onto an elliptical earth orbit, whose major axis 

follows the motion of the target, and coasts thereafter on the 

ellipse until gross rendezvous is accomplished. 

to be utilized is simultaneously optimized. 

Choice of ellipse 

Over -all optimization 

is sacrificed to some extent in favor of much increased flexibility 

including the ability to initiate the maneuver essentially at will, 

the primary restriction being the necessity of keeping the coasting 

ellipse outside the earth's atmosphere. 
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The technique utilized in  the scheme described above has been 

applied also to optimizing a flight from a circular earth orbit onto 

a hyperbolic earth orbit with a specified asymptote, the vehicle to 

coast thereafter to escape. The technique permits simultaneous 

optimization of the choice of hyperbola having the given line in space 

for asymptote. 

Equivalence of the so-called "Slab Conjecture'' with the "Annulus 

The Conjecture'' for dimensions greater than three was established. 

two conjectures are: 

n-1 n-1 (1) The Annulus Conjecture: Let S1 , S2 be two disjoint 

locally flat n- 1 spheres embedded in an n-dimensional 

sphere S". Then the subspace M of Sn bounded by the union 

n- 1 of SY-' and S2 is homeomorphic to Sn-' x [Q, 3.  
n- 1 (2) The Slab Conjecture: Let R1 , RZ-' be disjoint locally flat 

n-1 planes embedded as closed subsets of Rn, the euclidian 

n-dimensional space. 

by the union of R1 

Then if M is the subspace of Rn bounded 

, M is homeomorphic to n- 1 n- 1 , and R2 

Rn-' x [0, d.  
C. A. Greathouse in  the Bulletin of the American Mathe- 

matical Society, Vol. 70, No. 3, May, 1964, proved that (2) 

implies (1) (and that (2) is false for n=3). 

here is that for n>3, (1) implies (2). 

The result obtained 

(The actual validity of 

neither (1) nor (2) is known except for the lowest dimensions. ) 

Considerable study of other problems proposed last year has taken 
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B. 

place and continues at present. 

Proposed Continued Research 

Work will continue toward clarification of the status of "switching 

functions'' as utilized in calculus of variations optimization programs 

for apace trajectories. A particular problem is one which appears in  

a NASA paper entitled "Optimal Staging and Sizing for Two Dimensional 

Vacuum Flight", in which an  attempt is made to describe a program 

utilizing switching functions to solve the problem described in the title. 

The general work proposed should shed some light on the validity of 

the process described in the paper, among many other things. 

Related to the above is work in general on discontinuous solutions 

of variational problems. Several authors have written papers on this 

subject but their approaches put them outside the area of known valid 

techniques. It is hoped that some of this work can be rescued, perhaps 

by proper reformulation of the problems, o r  else by resorting to the 

Pontryagin Maximum Principle. Since staging problems always involve 

discontinuities (in mass), this a rea  very much needs investigation if 

anything approaching optimization is to be obtained. 

Other problems as described in  last year's proposal still exist 

and will be investigated as  time allows. Although some work on 

rendezvous has been done, in  this area even more is necessary, 

particularly toward generalizing the class of problems which can be 

handled. 

L t  is anticipated that a systematic analysis of Russian work on 
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optimal processes will be soon begun by doctoral level graduate 

students. 
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Appendix IV 
Attachment B 

Main Campus 

Department of Electrical Engineering Mays ,  1965 

Progress Report on, and Proposed Research 
in, Analysis of Combined Nonlinearities 

A. Progress Report 

During the Fall Semeeter of 1964, an exhaustive literature survey 

was undertaken, Although not all of the material in the articles has 

been assimilated, it became evident that the problem of combined or  

multiple nonlinearities has not been given a g rea t  deal of attention. 

Since the original interest of the investigator was to study the 

application of phase plane and describing function techniques, the 

problem of studying multiple nonlinearities seemed quite intriguing. 

The first nonlinearities which a r e  now being investigated are 

cascaded hysteresis and saturation which a r e  separated by a linear 

transfer function. At present analog computer data a r e  being taken 

which will be used to aid in  verifying the results of the analytical 

investigation. Figure 1 illustrates the problem in block diagram 

form. The transfer func'tions G1, GZ, and G3 a r e  linear factors. 

Ref tDut 

Hysteresis Saturation 

Fig. 1. Block diagram of a unity feedback system with saturation 
and hysteresis nonlinearities, 
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G might be an amplifier, G2 a motor o r  servovalve, and G3 a load. 

The saturation could be caused by the amplifier and the hysteresis by 

1 

the magnetic circuit of the motor or valve. In an effort s tar t  with a 

simple problem and proceed to more difficult efforts, G2 is to be 

considered first a constant, second a gain factor, third a first order 

leg and fourth a second order lag; G1 is to remain a constant o r  a 

gain factor; G3 is to be a constant, a pure integration, or  a first o r  

second order lag. 

--There a r e  many ways i n  which nonlinearities can be combined-- 

both from a theoretical as well as a practical coneideration. If the 

several nodinearities can be combined into one single effective 

nonlinearity, then the analysis is relatively straightforward even 

though perhape tedious. However, i f  the nonlinearities a r e  

separated or  ieolated from each other (as often happens) then the 

analysie may prove difficult or even impossible except by computer 

techniques. 

B. Proposed Research 

It is the intention of the investigator to develop methods by which 

certain combinations of nonlinear and linear transfer functions can be 

analyzed using phase plane and describing function methods. Several 

nonlinearities such as backlash, dead zone, coulomb friction, satura- 

tion, hysteresis, etc., a r e  to be combined in a variety of configura- 

tions and the solutions effected. 

During the Spring Semester of 1965, several nonlinearities will 
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be combined with a linear second order control system and the solu- 

tion will be analytically determined. 

an  analog computer will be given. 

If time permits, verification by 

During the 1965-66 academic year, additional nonlinearities in 

various combinations with linear elements will be investigated using 

analytical and analog techniques. It is hoped that a tabulation of 

the results will prove useful to other investigators. 
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Main Campus 

Department of Chemistry 

Appendix IV 
Attachment C 

May 5, 1965 

Progress Report on, and Proposed Continued Research in, Determina- 
tion of Thermodynamic Functions of Inorganic Solids and the Use 

of Fused Salts as a Medium for the Preparation of Some 
Hyg 10s c opic Ino rg anic Mate rial s 

A. Progress Report 

Present knowledge concerning solvents and relationships in 

solvent-solute systems is based largely upon behavior and obser- 

vation over a rather limited temperature range. 

usually between O°C and the boiling point of the solvent. However, 

many technical processes involve liquid phase high temperature 

The range was 

reactions. Information concerning high temperature reactions is 

not so well organized as it has been for  systems which are employed 

a t  ordinary temperatures. 

The purpose of the studies reported herein was to synthesize and 

characterize hygroscopic inorganic halides which a re  not feasibly 

obtained from reactions in  aqueous media. All starting materials 

had to be dry and the dry atmosphere for mixing the solid reacatants 

was a dry box which was continuously flushed with a s t ream of dry 

air from a nearby Heat-Les dryer. 

In its final form, the complete dry box consisted of a paraffin- 

coated main working box and a port through which entries were made. 
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The dimensions of the main unit and the port were 37" x 23" x 31" 

and 24" x 14" x 14", respectively. The back walls and floors of 

each were plywood, the top and front being of 1/4 inch Plexiglas 

which was secured tightly by screws placed two inches apart. 

Flexible caulking was used in a further attempt to make all joints 

air tight. In the Plexiglas, places for four gloves were made, 

three of which were in the main box and one was in the port. 

gloves were attached by tension to 3/8 inch aluminum rings mounted 

around the previously-cut holes in the Plexiglas. The doors on each 

end of the port, one on the outside and the other opening into the 

box, were of 1 /4  inch aluminum. 

The 

The doors were lined with 

rubber stripping, mounted with ordinary hinges and fastened with 

c asement fastener 8 .  

Oxide systems have been employed most extensively in syntheses 

involving fused salts and this research was, therefore, mainly 

concerned with them. Most recently for example, VOC13 and P 0 C l 3  

have been prepared from their respective oxides by chlorinating 

with aluminum chloride in  a LiGl -NaCl -KCl eutectic mixture. 

This eutectic mixture, composed of equimolar quantities of each 

salt, melts circa 325OC, thus allowing reasonably low working 

temperatures. 

conveniently a r e  those which a r e  volatile or  a r e  easily sublimed 

Compounds which can be prepared and isolated 

from the reaction mixture. 
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The reaction vessel consisted of a tes t  tube, 5 cm. in diameter, 

to which a 24/40 joint was attached. 

completed the system. 

tube inside the dry box and the tube was placed in a Variac-controlled 

Hevi-Duty furnace and inserted into the system which had been 

previously flushed with dry nitrogen. 

The usual distillation set-up 

The reactants were mixed in the reaction 

The following reactions were carried out according to the above 

p r  oc edu r e : 

1. 

2. 

3. 

4. 

5. 

P2O5 t LiC1-NaCl-KC1 __j POCl3 t Liz0 

The as yet unpublished work of Drago and Whitten 
contains a similar reaction: however, they chlorinated 
the P2O5 {in the eutectic mixture) with A1C13. 
POC l3 was characterized by boiling point, refractive 
index and elemental analysis. 
identified in a similar manner. 

The 

Other products were 

Na2S04 + PC 15 + LiCl -NaC1 -KC1 d SOC 12 t POC 13 

As203 =I- AlC13-NaCl-+ AsC13 A1203 
Yield: 

50% 

SnO2 t AlC13 t LiCl-NaC1-KC1-3 SnC14 t A1203 
Yield: 

71% 

Ti02 t AlC13-NaCl +Tic14 t A1203 
eutectic melts 
at 120°G 

Good yields of Tic14 from Ti02 are reported in  the 
lite rature : 

Ti02 f MgC12-KCl ,-)Tic14 

The use of the A1C13-NaCl eutectic greatly lowers the 
temperature at which Tic14 may be obtained. 
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6 .  

7.  

8.  

9. 

Si02 t LiAlH4 t A1 t AlC13 t LiCl-NaCl-KGl+Si.H4 
Yield to be 
de te  m i n e d  

KSCN t A1C13 j G S 2  

Ti02 t AlBrg-NaBr -----)TiBrq+A1203 
Yield: 

2070 

Some reactions were carried out, as described earlier, in an 

attempt to establish any correlation o r  trend existing between them 

and reactions already useful for the preparation of similar compounds. 

Reaction 1 P205 + LiC1-NaC1-KC1 -+POC13 t Li20 

P2S5 + LiCi -NaC1 -KC1 +No reaction, i. e., 
no PSC13 

Reaction in  the work of Drago and Whitten 

Reaction 2 V205 + A1C13 t LiG1-NaGl-KCl +V0Cl3 

V205 + LiCi-NaCi-KC1 _I_$ No VOC13 

Also from their work 

Reaction 3 (NagPOj) t AlCl3 t LiCl-NaC1-KC1 + POC13 
X 

NaqP207 t AlC13 t LiC1-NaCl-KCl + No reaction 

Reaction 9 was successful for the preparation of AsC13 from 

an arsenite in which the arsenic is incorporated in  the negative por- 

tion of the compound. 

chlorinations of this type, the following reactions are to be carried 

out: 

Proceeding from the encouraging results in 

1. PbSn04 t A1Cl3-NaG1** SnCl4 ? 
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2. C S e 0 3  t AlC13-NaCl SeOC12 ? 

3. CaTiOg + AlC13-NaCl __I_) TiC14 ? 

5. NaZGeOg t A1Gl3-NaG1 ___) GeC14 ? 

4. Na3P + CH3C1 + A1C13-NaC1 -3 (CH3)3 P ? 

Some thermodynamic functions of sodium bromate, sodium 

bromide, sodium iodate and sodium iodide were determined. F o r  

the determinations a copper block calorimeter was constructed and 

calibrated electrically. 

determinations consisted of a K-3 L and N potentiometer, G-1 

The remainder of the assembly for the 

Mueller bridge, platinum resistance thermometer calibrated by 

. National Bureau of Standards, two galvanometers and a Sargent 

constant temperature bath. All determinations were carried out 

with the samples in previously calibrated platinum crucibles. 

The heat content equations for the compounds were calculated 

to fit the conditions E$ - H298, 16 = a + bT + .T2 + dT'l 

a + bT t cT2 t dT'l = 0 at 298.16OK 

These equations were derived to f i t  these conditions by the method 

of least squares using the Univac solid state-80 computer. 

Enthalpy measurements of sodium bromate were made in  the 

termperature range 376.9-601.2OK. 

extended beyond 601.2OK as the sample decomposed above this 

Measurements were not 

temperature. It was shown in a separate experiment that sodium 

bromide was formed on heating sodium bromate to a temperature 
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of 660. OOK. 

derived for this compound over the range mentioned above. 

equation in calories per mole is: 

Using the data collected a heat content equation was 

This 

Ht - Hz98.160~ = -3.0485~10 4 t 71.263T-2.6291~10 -2 

T 

6 -1 t 3.545 t x10 T 

Enthalpy measurements of a sample of sodium bromide were 

obtained for both the solid and liquid phases. 

for the solid phase is: 

The derived equation 

Ht - H298. 16oK = 1 . 3 7 2 6 ~ 1 0 ~  t 31.001T-9.7495~10' 3 2  T 

t 1 . 6 3 4 9 ~ 1 0 ~  T'l 

The derived equation for the liquid phase is: 

% - H298.16oK = 9. 1010x103 t 3.9841T t 3.3218~10' 3 2  T 

The heat of fusion of sodium bromide was found to be 6.24 

kilocalories per mole at  1018OK. 

From the results of enthalpy measurements of a sample of 

sodium iodate, the following heat content equation for the solid 

form was derived: 

4 % - H298.160~ = 4.6711~10 t 108.6611 - 5. ~ ~ O O X I O - ~  T2 + 
6 -1 5.764~10 T 

Measurements were not extended beyond 656.6OK, because the 

sample began to decompose above this temperature. 

Enthalpy data for sodium iodide were taken in the temperature 

range 375.5 to 1127OK. The heat of fusion was calculated to be 
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6.03 kilocalories per mole. The heat content equation for solid 

sodium iodide is: 

-3 2 5 -1 T + 1.465~10 T %-Hzs8. 160K = 5 . 4 2 1 0 ~ 1 0 ~  t 17.017T-1.902~10 

The heat content equation for liquid sodium iodide was calculated to  be: 

Ht-H298,140~ = 8. 502X103 t 6.72T f 8.81~10 -4 T 2 

B. Proposed Work 

A preliminary study of two other reactions has been made. The 

following have not been extensively investigated, but do seem to have 

preparative value: 

1. CrO3 +PC15 CrC13 

Chlorinating agents other than PC15 have been reacted 
with CrOg. In the proposed study a dry, solid state 
reaction is involved, any excess PC15 can be vacuum 
sublimed. Pure, anhydrous CrC13 has not been pre-  
pared, but by future alterations of conditions w e  hope 
to obtain a pure product. 

-2 2. KSCN + NCl3 eutectic > 

It is also proposed that we continue the study on heat 
capacities a t  high temperatures. It is planned to derive 
heat capacity equations from enthalpy measurements for 
the halides, bromates, chlorates and iodates of the Group 
Two elements. We plan to construct an ice calorimeter to 
aid us in this study. This will  give two different calorim- 
eters 
Also, it is hoped that we wil l  be able to begin construction 
of a low temperature calorimeter. 
calorimeter would provide adequate equipment for studies 
down to temperatures of about 60 K. 
the necessary data for the calculation of the entropy, as  
well a s  other thermodynamic values, for the compounds 
studied. 

for the high temperature enthalpy determinations. 

The addition of t h i s  

0 This would give us 
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Appendix IV 
Attachment D 

Main Campus 

Department of Electrical En1;ineering May 5, 1965 

Progress Report on, and Proposed Continued 
Research in, Optimal Control 

A. Progress Report 

In 1959, Pontryagin published a very interesting result known 

as maximum principle. Many papers have been published on the 

bang-bang control system which are in agreement with the results 

derived by Pontryagin. Also, there are papers dealing with the 

application of the maximum principle to different optimal control 

s ys tems . 
The purpose of our investigation was to apply maximum prin- 

ciple to specific optimal control systems and co-relate the system 

in i t i a l  conditions to the initial conditions of the co-state variables. 

By optimal control we mean the control of a dynamical system such 

that the time integral of a function of the state and of the control 

signal is minimized while the control signal is restricted to be in a 

specified closed and bounded region. 

One system under investigation was the time optimal control of 

a system characterized by coulomb friction as shown in Figure 1. 

Writing motor equations 
i 
\h 

.. 
J 0 =  kV - B - 
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where J is the moment of inertia, 0 is the angular shaft rotation 

and k is a motor constant. 

.. 
8 = +V - B  sign 8 

Writing the above in the form 
b 

x = f(X, v, t) 
A 

x1 = e ;  ;c1 = x2 ; 

with the constraint /V/ 5 M 

Minimizing control integr a1 
nT 

9 = I  
0 

& = - sign x2 2 

1 dt 

Including + as an additional state variable 
t 

x 3 = f  1 . d "  
0 

x3 = 1 

The state equations now become 

x2 = 4~ - psign x2 

x3 = 1 
3 

i = l  
Form the Hamiltonian, H =E Pixi 
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Now 

Thus b p1 = a constant = A, 
P2 = - P l t  +A, 
p3 = a constant 

From equation(1) to maximize H with respect to V we must have 

IV/ = M and secondly V = M b ign  pJ . 
From equation(2)we see that p2 has the following form 

p2 -x , t  = 2 2  (3) 

It is obvious that p2 wi l l  change sign as time changes. And according 

to the maximum principle, when p2 changes sign, the control vector 

should change sign. From equation(3) it can be concluded that starting 

from any initial condition of the system, it takes, a t  the most, one 

switching of the control vector to arrive at the final state of the 

system, in minimum time. 

With this condition in  mind, the above second order system was 

simulated on the Analog computer and the phase plane plots wete 

obtained and a r e  shown in  Figure 2. From this plot the switching 

boundary AOB was easily determined. But the object of our study 

was to arrive at an equation by which the instant of switching could 
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be predetermined. 

the system initial conditions. 

that effect. 

which the elapsed time could be determined when the system 

initial conditions a re  such that we a re  in the first quadrant on the 

phase plot. 

This instant will definitely be the function of 

A se t  of equations was derived to 

For example, the following equation was derived from 

( 4) 

The instant of switching was computed from the above equation for 

several initial conditions of the system, and the results were checked 

with the conventional phase plot methods. As expected, equation 

@)yields the time d switching as a function of system initial conditions 

only. 

The controller shown in Figure 1 wi l l  be such that it wi l l  com- 

pute the time according to equation (4) and will reverse the control 

vector when necessary. Such a controller will take our second order 

system from one initial condition to another in minimum time, 

B. Proposed Continued Research 

A second system that is being studiid is one characterized by 

viscous friction. Work is being carried out to build the controller 

for this system from components rather than using the analog com- 

puter. This system is described below. 
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The torque T developed by a two-phase control motor is 

described approximately in terms of the voltage Vc applied to the 

control phase and the angular velocity@ by the equation (T = KV, - b) 

where K and k a re  constants. In the case of viscous friction the 

differential equation describing the motion of the motor is 

. 
J'e' = KVc - k e  - B e  

where J is total moment of inertia, 0 is the angle through which the 

motor turns, and B is the viscous friction coefficient. The transfer 

function is 

It can be shown by the Pontryagin maximum principle -hat the 

voltage Vc should be at its largest allowable magnitude at all times 

in order to move the motor from one res t  state to a new rest state 

in the minimum possible time. 

Vc is necessary. 

Further, only one phase reversal of 

Employed in  a position control system, the motor must have its 

control phase excited such that rated voltage is always applied but 

the phase must be reversed at the correct instant of time. 

The system under study can be depicted as  in Figure 3. 

phase source is required; one phase is supplied to the reference 

winding and the second phase is supplied through a transformer and 

A two- 
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Control Winding 

Controller 
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& 

Source for  Cc 

Refe renc e 
Winding 

Transformer 

F rol  Phase 

Diagram for Minimum Time Control Sys tem Using an A C  Contro 1 Motor 

Fig. 3 
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control arrangement to the control winding. 

controlled AC switches, only one of which may be on at any time. 

The controller must compare the e r ro r  and er ror  rate to the 

S1 and S2 a r e  gate 

optimal switching boundary and generate a gate signal that will 

turn on either S1 or S2 so that the control winding is excited from 

the source that will yield torque to drive the motor toward zero 

e r r o r  and e r ro r  rate. 

The controller consists of a gate driver, nonlinear network 

for generating the optimal switching boundary, and a comparator 

whose output will trigger the gate driver. Several schemes for 

driving the gates have been and are being investigated. 

flip-flop and an operational amplifier used in a comparison circuit 

are being tested in  this application. 

Both a modified 
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Appendix IV  
Attachment E 

Main Campus 

Department of Physics May 5, 1965 

Progress Report on Research on Photoelectric 
Cross -Section Measurements 

Conducted by Dr. Ambuj Mukerji during the period 
September, 1964, through January, 1965 

Experience with a previous experiment' has indicated that for  a 

precision measurement of the photoelectric coefficient it is a great 

advantage to use detectors f o r  gamma rays and X rays of very high 

resolution. Therefore, a major effort was made during this period to 

study the characteristics of the high resolution solid state detector. 

lithium drifted germanium detector of 0.8 mmz area and 2 mm depletion 

A 

depth was used and its performance for the detection of gamma rays of 

different energies was tested under various conditions. When operated 

at liquid air temperature, a resolution of C 6 keV fwhm was obtained. 

The resolution of the detector was found to be very susceptible to 

extremely small leakage currents of the order of amps in any of 

the connectors used. 

So far in  these experiments the scattered gamma quanta and the 

X rays emitted due to the photoelectric processes have been measured. 

A study of the feasibility of measuring the actual photoelectrons emitted 

lR. M. Dowe, Jr., Attenuation Cross Sections of Thallium a t  122 
keV, Ph. D. dissertation, University of Alabama (1964). 
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was studiei 

~~ 

, The li hium dr fted silicon detectors would be ici-ai 

this purpose and the characteristics of these detectors at various 

or 

temperatures and for  different energies of th6 electrons were stiidied. 

An actual measurement of the photoelectric coefficient by this method 

will be tried in the near future. 

This work will be continued by Dr. Mukerji on his own. A report, 

expected to be completed in the near future, will be forwarded. 

Proposed Research on the Restricted 3-Body Problem and 
the Structure and Behavior of Thin (Passive) Films 

The Restricted 3-Body Problem 

A. Background 

The motion of a sputnik in the gravitational field of two other 

bodiee of finite mass has been the subject of an extended program of 

computation. The results when the finite masses a r e  equal have 

already been published by the Danish Royal Academy (Skrifter 2, 

No. 7, 1964) and those for unequal finite masse8 will be published 

in the same journal this summer. 

For equal masses, the main symmetric claeees of Stromgren 

were traced continuously from beginning to end, and seven new 

classes were reported. The representation of a class by means of 

an eigensurface in (E, F, K) space, where K is the Jacobi integral, 

was introduced and shown to be particularly useful. Tables and 

curves were given for more than 800 periodic orbite. 

In the second article, for unequal masses, it is demonstrated how 
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the classes appear, evolve and disappear as  the mass-ratio changes 

from 0 to infinity. Two branches of an eigensurface may move toward 

each other, touch, and split into two other branches which then move 

apart. 

change of symmetry (reversal of velocity) occurs, as from (g) class 

to (f) class. 

which necessitates a modification of Stromgren's "Termination 

Principle." Tables and curves a r e  given for about 1400 periodic 

orbits, selected from 8000 which were computed. 

When an eigensurface touches the zero-velocity surface, a 

Asymptotic periodic orbits appear and disappear in pairs 

In addition to the location of periodic orbits, it is important to 

know how stable they are. 

to date, because good criteria for stability have not been known. 

However, Arnol'd in  Moscow and Moser in New York claim to have 

proved the existence of stability for  elliptic fixed points of certain types. 

They state that there is an invariant domain around such a fixed point, 

but the size of this domain is not known in general, nor have practical 

methods been developed as  yet for finding it. 

Very little has been done on this problem 

B. ProDosed Research 

During this semester, work is continuing on the invariant domains 

of the differential equation (d2x/dt2) 4- px3 = 0 by Dr. Bartlett and 

by a graduate student who remains a t  the University of Illinois. 

on this equation and extension to the restricted 3-body problem will 

continue. 

Work 
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The Structure and Behavior of Thin (Passive) Films 

A. Background 

In a research effort which has been in  progress for some years, 

Dr. Bartlett has investigated the phenomenon of passivity of a metal, 

important in the theory of corrosion and of electrodeposition. The 

objectives of this research are: 

1. 

2. 

3.  

4. 

5. 

To determine the thickness and the refractive index of 

passive layers on iron and nickel. 

To study the electrical behavior of passive nickel in sulphuric 

acid. 

To ascertain, both experimentally and theoretically, how the 

internal charge distribution of a passive layer varies when 

external conditions are changed. 

To construct an accurate picture of the mechanisms of 

formation and removal of the passive layer for iron and nickel. 

To car ry  out similar studies for passive chromium. 

Research to date indicates (1) that there exists a layer on iron 

when it is passive, (2) that an electric field drives ions through this 

layer, (3) that the resistance to the flow of ions is nonohmic, (4) that 

the thickness of this layer varies linearly with passivating potential 
0 0 

f rom about 8 A to about 68  A, and (5) that the interior of the layer is 

charged when the system i s  not in  the steady state. Two technical 

reports and one article have been published on the results of this 
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B. Current Status 

Arrangements are  being made and equipment is being assembled 

for transfer of this research from the University of Illinois to the 

University of Alabama. Meanwhile, research by Mr. Donald DeSmet 

continues at the University of Illinois. Mr. DeSmet is currently 

visiting a Canadian laboratory studying the applicability of the 

ellipsometer to thin film measurements. It is anticipated that this 

device will be employed in the continuation of this research. 

C. Proposed Research 

The proposed program is to  exploit the method of rapid passi- 

vation, which Dr. Bartlett has discovered, to study systematically 

the electrical behavior of passive nickel, and to compare with 

passive iron. The general plan of work is: 

1. 

2. 

4. 

5. 

An investigation of the thickness and the refractive index of 

the passive layer on iron. 

Determination of the electrical field at the activation barr ier  

for the same systems. 

Theoretical study of the variation of charge density inside 

the passive layers and of the rates of formation and removal 

of these layers. 

Corresponding studies with passive chromium and aluminum. 
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